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FMC CORPORATION (A) 



Need For a Rice Sorter 



Shortly after his appointment as Director of the Electronics Section 
of the Product Development Department of FMC Corporation's Central Engineering 
Laboratories, Dr. T. E. Roberts organized a technical group to study problems 
of quality sorting using electronics. One application considered was in the 
area of rice sorting. The objective in this aroa was to remove dark grains 
which typically constituted 5% by weight of rice procpssod for retail sale 
or/use In soups and other food products^ A market study by FMC indicated 
that if a machine would be developed to separate at an input rate of 2,000 
pounds per hour, FMC could sell from 15 to 45 sorters. Dr. Roberts stated, 
"We think that there is a sure market in rice, and if we perfect a method 
for mechanizing rice sorting, we may find other applications lor it as well." 



(c) 1964 By the Board of Trustees of Leland Stanford Junior University. 
Prepared in the Design Division of the Mechanical Engineering Department 
by J. Kendall Williams under the direction of Karl H. Vesper. The assist- 
ance of Dr. T. E. Roberts, Jr., and Arthur Slemmftns of the Central Engineering 
Laboratories, and John Boyce, S. H. Creed, and Don Chamber lin of the Canning 
Machinery Division is gratefully acknowledged. Financial support for this 
study was provided by the National Science Foundation. 



ECL-17 
ME I14a*3 



FMC Cprpoyatipn 

FMC was continually seeking new products suited to its production 
and sales capabilities. It tried to avoid direct competition with elec- 
tronics companies, although it favored the application of electronics in 
new products. Dr. Roberts noted, '*If the Central Engineering Laboratories 
built a strictly mechanical machine to size a peach, for example, there 
are a lot of small shops with overhead much less than ours to compete with. 
Maybe they should be doing that business, and we should be doing something 
that requires additional engineering." 

The history of FMC Corporation dates back to the 1880' s, when two 
separate events occurred at opposite ends of the United States. In the 
Santa Clara Valley of northern California, a young inventor named John Bean 
developed a new orchard sprayer and founded a small company to produce 
spray pumps for neighboring fruit growers. In New Jersey, Dr. Lucian Warner 
founded a chemical company to produce sodium phosphates and related products. 
In 1929, the John Bean Company changed its name to Food Machinery Corpor- 
ation after purchasing an eastern canning machinery firm. In 1948, Food 
Machinery Corporation acquired Westvaco Chemical Corporation, a direct 
outgrowth of Dr. Warner's chemical venture. The parent company became 
Food Machinery and Chemical Corporation. In 1961, the name was changed 
to FMC Corporation. 

FMC expanded its product line to include outdoor power equipment, 
food service equipment, crop harvesters, petroleum production hardware, 
fruit and vegetable packing and processing equipment, packaging equipment, 
pumps and water systems, military personnel and weapons transporters, and 
diversified chemical products for agricultre and industry. A more detailed 
listing of the company's products appears in Exhibit 1. 

By 1963, FMC's operations included 15 manufacturing divisions and 
six subsidiary operations, including 64 production units throughout the 
United States, Canada, and Mexico. Overseas plants were located in England, 
Belgium, France, Spain, South Africa, Australia, and Brazil. In 1963, the 
Corporation employed approximately 33,000 people. The corporation's gross 
income from sales and other operating revenue for 1963 was approximately 
$617 million. 

Ihe Central EnfiJueerAng .L;abQ;ya.tq3fJ^es 

The Central Engineering Laboratories were organized in 1946 to gen- 
erate new products and perform research for product innovation and improve- 
ment. CEL^ began in 1946 with approximately 35 engineers, most of whom 
had advanced degrees. By 1963, it employed 387 people, including 133 
engineers with B.S. degrees, 35 with M.S. degrees, and 4 with Ph.D. degrees. 



(1) CEL is the abbreviation for Central Engineering Laboratories 
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CEL was divided into the "FMC Machinery /Systems Group", primarily 
concerned with work for the U.S. Government and industry, and the "Re- 
search and Development Branch", primarily concerned with the development of 
FMC proprietary products. The Machinery /Systems Group was further divided 
into the Program Development Department, Project Operations Department, 
Systems Engineering Department, and Equipment Engineering Department. The 
Research and Development Branch consisted of the Product Development De- 
partment, Process. Development Department, and the Materials Laboratory. 
CEL facilities included two machine shops and several experimental and 
testing laboratories. The organization of CEL is diagrammed in Exhibit 2. 

The Product Development Department employed 50 engineers organized 
in separate sections including Electronics, Mechanical, Packaging, Weighing 
Equipment, and Engineering Design sections. Facilities of the department 
included an electronics laboratory and several testing laboratories. 

Prior to 1957, CEL developments were of a primarily mechanical na- 
ture. Successful products included an orange juicer capable of squeezing 
sets of eight oranges at a rate of one set/second. The design provided 
for piercing and squeezing of the whole orange without getting skin oil 
in the juice or damaging the skin, which was used later in an oil re- 
claiming process. Also developed was a high speed "check-weigher" capable 
of weighing 200 to 300 articles per minute, each article weighing from 
several ounces to several pounds. CEL designed several models of this 
electromechanical weigher. 

CEL served as a consulting organization for other FMC divisions. 
Funds for research and development were provided by each division that 
requested services and by the central office of the corporation. All re- 
search was aimed at applications of known practical importance, but some 
research was done independent of specific division support. CEL was often 
concerned with 100 projects at .one time. Several small projects were fre- 
quently handled by a single engineer, while a large project required five 
or six engineers, generally organized under a project engineer. 

Projects were often selected on the basis of market research per- 
formed by CEL personnel. Investigation of rice sorting was done as part 
of the "Engineering Analysis" step of a ten .step .program used in^ all FMC 
development projects. A "Development Project Work Sheet", which described 
each step of the program, was used by FMC engineers to plan projects. 
Dr. Roberts noted, "The estimates from the work sheets are very helpful 
in economic planning, but engineers gendtally don'tlike* to fill them out. 
The work sheet calls for detailed figures, while costs for phases of a 
research and development project can only be rough estimates." 

Eacli engineer was required to estimate the labor, burden (over- 
head), material charges, total cost, and completion date for his part of 
a project prior to initiation of his work. He also accounted for money 
spent and appropriated and submitted requests for additional funds to the 
project engineer or department supervisor. In 1957, CEL engineers esti- 
mated direct labor costs at a rate of $3.00 per hour, design costs at 



A- 2 
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$4.00 per hour for an engineer or $5.00 per hour for a senior engineer^ 
and burden at 2 times each figure respectively* 

The progress of a project was generally reviewed after the first 
two steps were completed and after the fifth step;.%rtien responsibility 
for carrying out Stepfi 6 through 10 was frequently transferred to another 
division of the corporation^ The ten-*8tep program is described in greater 
detail in Exhibit 3, 

Dr^ Roberts, Manager of the Product Development Department, received 
a B,S. degree in electrical engineering in 1943 from Georgia Tech, After 
graduation, he began a 3-1/2 year tour of service with the Army Signal 
Corps, as a radar officer* At the end of the war, he taught electronics 
in Germany. In 1947^ Dr. Roberts returned to Georgia Tech to teach* His 
career ambition at that time was to be a teacher. In 1951, he became an 
Associate Professor of Electrical Engineering at Georgia Tech after com- 
pleting 3-1/2 years of graduate study at Harvard University* 

In 1952, Dr. Roberts • career plans changed. He commented, "I was 
very eager to apply the theory that I had learned in school, and I found 
teaching too restrictive in this respect He moved to Connecticut to 
work for United Aircraft Corporation's Norden Division, which had manu- 
factured the Norden borabsight during World War Two. When the advanced 
development group that Dr. Roberts had anticipated failed to materialize 
at Norden, he accepted a position with the American Machine and Foundry 
Company in Connecticut where he worked on the development of radar an- 
tennas and low frequency, high powered radar» Dr. Roberts was transferred 
in 1956 to AMF's Raleigh Engineering Laboratory in Raleigh, North Carolina, 
as Laboratory Technical Director. Dr. Roberts began his work for FMC's 
Central Engineering Laboratories in 1957* 



Par-Boiled Rice 

CEL had desigtjed quality control and sorting equipment of a pri- 
marily mechanical nature prior to 1957, Feeling that electronics could 
also have sorting applications, Dr. Roberts asked an application engineer 
to visit food processors and determine where an electronic sorting machine 
would be used. Processors of wheat, beans, coffee, diced carrots, apples, 
lemons, peaches, and tomatoes were contacted in this investigation. The 
study concluded that the largest potential sales lay in sorters for "par- 
boiled" rice. 

Rice is generally processed as par-boiled or white rice. Par- 
boiled rice is high quality rough rice which has been steam cooked prior 
to removal of hull and bran^ from grain. Steam cooking causes vitamins 
and water soluble nutrients in bran to be absorbed by the grain and also 



(1) Bran is the waxy layer between the hull and grain. 



ME 114a-3 



increases the grain^s structural strength and resistance to spoilage. 
Because this process increases cost, not all rice is par-boiled. 

Use of par-boiled rice became important during World War II when 
the U.S. Army used large quantities. Some major canning companies use 
only par-boiled rice in soups because it can better withstand high cooking 
temperatures needed to kill bacteria. 

One of the principal defects in rice is caused by insect bites on 
immature grain. The insect bites cause black areas called "peck" to appear 
on the grains. The bite also stunts growth of the kernel, resulting in 
a slightly smaller than usual grain. "Pccky" rice is unacceptable on the 
American market; however, it is combined with good rice and sold to countries 
of the Middle East like India where the defect is not considered objection- 
able. Samples of typical good and pecky grains are pictured in Exhibit 4. 

CEL had not collected data on all physical properties of rice grains. 
Some data had been compiled on optical properties, including the spectro- 
photometer curves noted in Exhibit 5* Par-boiling changes the color of 
normally white grain to a yellow or amber and the color of defects from 
purplish brown to reddish-brown or black. Typical rice grains measure 
approximately 1/4 inch long by 1/16 inch in diameter. On the average, 
pecky grains are slightly smaller than good grains. Depending on the 
variety of rice, the grain count varies from 25,000 to 35,000 grains per 
pound. A retailed package of rice weighing one pound typically measures 
1 1/4" X 4" X 7''. 

In rice that is not par-boiled, pecky grains arc structurally 

weaker than good grains. Defective rice is normally broken in the milling 
process and separated mechanically by sifters. Par-boiling increases the 
strength of these grains to the point where they cannot be selectively 
broken by milling and easily sorted. Prior to World War II, hand methods 
were usually used for sorting. Dr. Roberts noted that as many as 200 
girls per shift were employed by some plants to sort rice with vacuum hoses. 
Because of high costs, most hand sorting operations were discontinued, and 
a lower quality product resulted. 



Rice Processing 

In 1959, par-boiled rice was produced by four mills in the United 
States: the Valley Rice Association in Sacramento, California, and the 
Star Rice Mills, ^ Longhorn Rice Mills, ^ and Consolidated Rice Company,^ 
in Houston, Texas. The mill in Sacramento processed a short grain rice, 
whereas the Texas mills processed a long grain variety.? Peck appeared 
in both types. 



(1) Names fictitious 

(2) "Market Analysis for a Grain Separator," P.W. Lampman, FMC Corporation, 1959. 
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The Star Rice Mills handled approximately 10,000 tons of par- boiled 
rice and 45,000 tons of white rice per year. Their par-boiled plant oper- 
ated at 00 to 100 cwt*^ per hour, and the white rice plant operated at approxi^- 
mately/175 cwt per hour. Pre-selected rough rice with 4-57o peck was cleaned 
of hay and seed in an aspirator operated by blowing air through a flowing 
sheet of rice. The rice was then par-boiled in a steam cooker, dried and 
transferred by a conveyor to the milling stone. Rice conveyors were either 
screw feeds or gravity fall tubes. The milling stone consisted of two 
concrete and carborundum composition disks of 60 inches in diameter. Rice 
was fed through the central support shaft of the upper disk which rotated 
relative to the fixed lower disk. Rice was moved by the rotation of the 
upper disk to the outer periphery of the stone. The gap between the disks 
was adjusted so that the hulls were cracked free without crushing grains. 
Milled rice was collected in a conical hopper beneath the stone and con- 
veyed to the second aspirator which removed loose hulls* 

The milling operation generally did not mill all grains due to size 
differences between grains. A paddy separator sorted milled and unmilled 
grains on the basis of weight difference* Rice was poured on the center 
of a slanting shaker table measuring five feet wide by 12 feet long. One 
long edge was 12 inches higher than the other. Corrugated channels traT 
versed the width of the table* Heavy unmilled rice was sifted to the 
bottom of the stream at the center of the table, gradually moved to the 
lower edge by incoming rice, and fed into a conveyor which returned the 
rice to the stone. Lighter milled rice ittoved to the upper edge and was 
transferred to a scraper for bran removal* 

The scraper consisted of a horizontal cylinder, six feet long and 
two feet in diameter, which rotated inside a cylindrical wire screen* 
Spiral ridges on the cylinder moved the rice axially while the screen 
scraped bran off the grains. Rice was then transferred to the third aspir- 
ator which removed loose bran* Bran not removed by the scraper was re- 
moved in the brush, which consisted of a vertical leather padded cylinder 
which also rotated inside a cylindrical wire screen. The resilient padding 
allowed greater freedom of movement of grains relative to the screen, and 
consequently, the ends as well as the sides of the grains were cleaned. 

Broken rice, which constituted 10% to 30% of the total input, was 
separated from whole rice in two operations. Brewer's rice or 1/3 length 
kernels were sorted by a sizing screen or sieve. Second-heads (3/4 to 1/2 
length kernels) and screenings (1/2 to 1/3 length kernels) were removed by 
a set of 30 Carter Disks mounted on a common horizontal shaft. Stamped 
indentations in the one foot diameter disks picked broken grains out of 
the trough in which the disks were turning* 

Whole rice from the Carter disks were sorted mechanically into three 
grades by two sets of precision graders. Each precision grader had six 
tilted revolving drums with small slots arranged in a spiral path around 
the cylinders^ Rice which passed completely through the first precision 
graders was called 1st Fancy. It contained 0*7% to 1,07a peck and consti- 



(1) A weight equal to 100 pounds 



ECL-17 
ME 114a- 



tuted 607o to oO% of the whole kernels. Rice which passed through the 
slots, containing from 6% to 21% peck, was conveyed to a second set of 
graders which sorted the remaining stream into 2nd Fancy grade (10% to 
30% of the whole kernels) and 3rd Fancy grade (107o of the whole kernels)* 
The rice processing line of the Comet Mills is diagrammed in Exhibit 6, 

Mr^ P, Lampman noted in his market analysis-'- that a rice sorting 
machine could be used on such a line to eliminate completely the precision 
graders* He stated, ",.4 if all but 1% of the peck could be removed from 
the entire stream, the sorted rice could all be sold as 1st Fancy," 
Typical rice prices and U*S*D,A» grade specifications for milled rice 
are noted in Exhibit 7. 



(■^) Qpi> Cit« , W» Lampman, 



Exhibit 1 



FMC Products 
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CORPORATE 
ORGANIZATION 



FMC Corporation 



CHAIRMAN OF THE BOARD 
AND 

CHIEF EXECUTIVE OFFICER 



Paul L. Oavies 



James M. Hait 



EXECUTIVE VICE PRESIDENT 
MACHINERY DIVISIONS 



Hubert [ . Byrd 



EXECUTIVL PRcSIDENT 
CHEMICAL ulVISlONS 



W. N. Williams 



I 



CfE^^TRAL 

ENGINEERING 

LABORATORIES 



EXECUTIVE VICE PRESIDENT 
FINANCE 



Benjamin C, Carter 



VICE PRESIDENT 
ORDNANCE OtVIStON 



Effliel T. Nielsen, Jr. 



EXECUTIVE VICE PRESIDENT 
AMERICAN VISCOSE DIVISION 



Jack M. Pope 



CENTRAL E 

LABOR/ 

GENERAL 


NGINEERING 

STORIES 

MANAGER 


H. A. 01 


denkamp 



ASSISTANT GENERAL MANAGER 



W. J. Adams, Jr. 



FINANCIAL ASSISTANT 
TO GENERAL MANAGER 



C. A. Roms'to 



JZ 



FMC MACHINERY/SYSTEMS 
GROUP 



Director J. R. Furrer 



SENIOR STAFF SCIENTIST 



Dr. H.W. von Guerard 



PROJECT OPERATIONS 
DEPARTMENT 



Mgr. M. 0. Pollock 



SYSTEMS ENGINEERING 
DEPARTMENT 



Mgr. D.P. Herron 



EQUIPMENT ENGINEERING 
DEPARTMENT 



Mgr. W. H. Shorter 



SENIOR TECHNICAL COuSULTANT 
W. S. Thompson 



TECHNICAL CONSULTANT 



H. T. Woodward 



DIVISIONS LIAISON 



RESEAF 
OEVELOPME 


CH AND 
NT BRANCH 


All Oepartn 
Directly to Ge 


?nts Report 
neral Manager 



GROdP OPERATIONS 



Mgr. J. L. Madden 



PROGRAM DEVELOPMENT 



MANAGER 
EASTERN OPERATIONS 



MANAGER 
WESTERN REGION 



F. Hodge 



PRODUCT DEVELOPMENT 
DEPARTMENT 



Mgr. Dr. T. E. Roberts, Jr. 



PROCESS OEVELOP«IENT 
DEPARTMENT 



JMgr. J. A. Abbott 



MATERIALS 
UBORATORY 



4l9r. E. H. Brink 



(Pfimarily Concerned With Wbrk lor Industry and Government) 



(ftimarily Concerned With Development of FMC Proprietary Products) 



Courtesy of FMC Corporation, 
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Form CRD-2 

Date „ Div. Pro|ecf No. 

FMC Project No, 

DEVELOPMENT PROJECT WORK SHEET 

Original 

Revision No. 
To Close 



STEP 


SUB STEPS 


MAN 
MO. 


LABOR 


BURDEN 


MATERIAL 

OUTSJDE 
CHARBEB 


EST. 
TOTAL 
COST 


SPENT 

TO 
□ATE 


APPROP. 
TO 
DATE 


APPROP. 

TO BE 
REQ'BTEO 


EST. 
CGMPL. 
DATE 


1 


Engineering Analysis 

1. Evaluation of r«qulr«m«n*i. 

1.1 Consultation with Sales A Merkafing. 

1.2 Consultation with potential customers, 

2. Prior Technical Art 

2.1 Pat.nts. 

2.2 Competition. 

3. Conception and evaluation ot alternative schemes* 

4. Estimate of time and cost far all steps and special 
tooling. 

5. Estimatt of Manufacturing Cost, 
i. Possible Financial Return, 

7, Preparation ot report to include: 

7.1 Analys's of critical technical elements. 

7.2 Performance requirements. 

7.3 Prelim Inarv Oasign Specitleations. 

7.4 Datailed reeommandatloni (neludtna «ppropr!a> 
tlon request for subsequent stepi If nccessiry. 




Objecfives 
Supported 


By: 




W 


ork Pertorme 


d By: 




r 




Total for Step 1 




















2 


Development Exploration 

1, Thorough, study of alternativtt, 
1,1 jCalculations,fi 

l.|._^tudy^ lay-outi|« schematics. 

2, JulrV Rig tests of Ui'triad prtociples. 

3, Further check of cLfants, 

4, Coniultationi wittflunbiaied tachnteat sources. 

5, Consultation with Manufacturing and mUs. 
i. Preparation ot report to include; 

(.1 Summary of ttst results, 

i.2lEvaluation of i^4tantial tachnical success 

i.a fMinutaeturlng feasibility ot schema chosen, 

1.4 ftevUw ot Sales iDapartm ant commants. 

4.5 Reviled «it!mat4 ot total steps cost. 

k.k Revised estimate of Manufaeturlna Cost. 
i.7 Re«omm«nd«tior« «nd appropriation requMt for 
further work, If r|Kess«rv. 




Objecfives: 
Supported 


By: 




W 


9rk Performei 


J By: 








Total, fo/ ptep 2 




















3 


Development Model Design 

2. Rc-check' with Manufaeturinq & Sales. 

3. Consultation with outsid* ipeeialitts. 

4. Praparation ot detail drawinqs. 

5. Ra-check patents. 

6. Issue drawinqs tor Development Model construction. 

7. Preparation ot Report to include: 

7.1 Evaluation ot progress to date. 

7.2 Ra-evaluation of all costs. 

7.3 Discussion ot necessary compromises. 

7.4 Recommendations tor changes to Specifications. 

7.5 Recommendations tor future action end new ap« 
propriation request, it necessary. 




Objectives: 
Supported 


By: 




w< 


)rlt Performec 


\ By: 








Total for Step 3 




















4 


Development Model Consfrucfion 

1. Purchase materials. 

2. Methodize. 

3. Manufacture k Shop Test. 

4. Modifications. 

5. Engineering Liaison with Shop. 

6. Preparation ot report to include: 

6.1 Manufacturing feasibility. 

1.2 Recommendations tor modifications to ease 
manufacturing problems. 

6.3 Review ot manufacturing costs and projects 
cost to date versus estimate. 

M Recommendations tor future action and new ap- 
propriation request, it neceuary. 




Objectives: 
Supported 


By: 




Wc 


\x\ Performe< 


By: 








Total for Step 4 






1 


1 
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cn 


SUB STEPS 


MAN 

MD. 


LABOR 


BURDEN 


MATERIAL 
& 

OUTSIDE 

CHARGES 


EST. 
TOTAL 

COST 


SPENT 
TO 

DATE 


APPROP. 

TO 

□ ATE 


APPROP. 

TO BE 

REQ'STEO 


EST, 
COMPL. 
DATE 


5 


Development Model Test 

1. Esfabl'uh ttji sptcifictfions eompatibU with p«r- 
formanc* rtquirtmvnti. 

2. Inrttllttion and optrttion of modtl. 

3. Installation of instrum«nt«tion. 

4. Evaluation of fast data, 

5. Salts Oapartmant opinion. 

i. Praparatton of raport to includa: 

i.l Comparison of fast data with spacifications. 

i.i Racommandad datign ehangas. 

4 3 Ravisad tpccltlcdtionf (if nacassary] for pro*- 

duetion modali. 
(.4 Ita-avaluition of all costs, comparing with as- 

6.5 Raeommanditlons for futura action and naw 
appropriation raquait, if naeanary. 




Obiectives: 
Supported 


By: 




W 


ork Perform^ 


d By: 








Total for Step 5 




















6 

\ 


Production Model Design 

1. Consultation with davalopmant enginaars, 

2. Consultation with outsida specialists. 

3. Kt-atfirmation that davica which hat baan daval- 
optd to data will maat spac if Teat ions, 

4. Prtparaiion of layouts, datails, aisamblias, bilfs of 
mat.rial, 

5. Stt up liaison with davalopmant anginaar for his 
confirmation that final drawings will maaf par- 
formanca spa«ifieations, 

6. Ke-chaclt patants. 

7. Cost raduction stodias, 

8. Manufacturing 1 Tooling cost astimatas. 

9. R«-chack with Markating and Salts. 

10. Praparation of raport to includa; 

10. 1 Discussion of how wall dasiqn wilt maet spaci- 
fications. 

10.2 Pradiction of manufacturing difficult ias, 

10.3 Racommandation for areas of futura cost re- 
duction effort and/or changes to improve 
laleability. 

10.4 Other recommendetlons for future action in- 
cluding epproprletion request, if necaitary. 




Objectives: 
Supported 


By: 




w 


^rk Performe 


d By: 








^ ' Total for Step 6 




















/ ^ 


\ 

'Production Model Construction 

1, Tamperary tool design end menufactur*. (If pro- 
duction typ* raquirad apply to itap 10.) 

2, Purchase metarials. 

3, Mathodize. 

. V. 4. Menufectura & Shop Test. 
••«H>Modification$. 
i. Engineering lieiion. 
7. Preparetlon of report to inclHda: 

7.1 Actuel menufacfuring and tooling costs com* 
parad to estl metes. 

7.2 Evaluation of manufacturiflg preblams. 

7.3 Recommendatient for improvamant. 




Objectives: 
Supported 


By: 




W( 


)rk Performe 


J By: 








Total for Step 7 




















8 


Production Model Test 

1. Establish test procedure to ba compatible with 
performance recjuirements. 

2. Check with development englnaar who fattad pre- 
vious modal tor common preblams. 

3. Installation and ope region. 

4. Evaluation of test data. 

s. Impartial evaluation preferably by compatent 
technical man not eonnactad with organization. 
Customer reaction— Sale* Departmant? 

7. Preparation of report to, includa: 

7.1 Comparison of test results with performance 

7.2 Recommended modifications for first produc- 
tion lot. 

7.3 Recommended final Inspections. 

7.4 Review of economics. 

7.5 Raeommandations tor futura action and appro- 
priation raquatt. if naeaiiary. 




Objectives: 
Supported 


By: 




w< 


>rk Perform e( 


J By: 








Total for Step 8 




















9 


Final Engineering Drawing 

1. Finalize drawings and bills of material. 

2. Special engineering-menufacturing instructions. 

3. Preparation of dete for installing, operating and 
servicing. 

5. Release of drawing. 

(>. Preparation of finel report to include: 

i.\ Review of all costs compared to estimates. 

4.2 Final review of economics with current predic- 
tion for sales obtained from Sales Departmeot, 

6.3 Review of engineering performance, noting 
areas which should Im improved. 

1.4 Further recommendations. 




Objectives: 
Supported 


By: 




Wc 


>rk Performet 


J By: 








Total for Step 9 




















10 


Special Tooling 

1. Final special tooling design and manufacture. 

2. Modifications to special tool found nacassary in 

first run. 




Supported 


By: 




Wc 


>rk Performe< 


i By: 








Total for Step 10 






















Total for All Steps 
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Exhibit 6. Par-Boiled Rice Processing 



FIELD 1 



[aspirator 



I 



COOKER 



STONE 



ASPIRATOR 



PADDY SEPARATOR 



HULLER 



ASPIRATOR 



BRUSH 



Removes hay, seed, light foreign objects. 



Removes loose hulls* 



Removes unmilled rice* 



Removes bran. 



Removes loose bran* 



-Removes remaining bran. 



SIEVE 



CARTER DISK 



1st PRECISION GRADER 



2nd PRECISION GRADER 



Removes brewer's rice. 



Removes second-heads, screenings* 



— 707. to 907. of the total volume 

1st Fancy, 607* to 80% of the whole kernels. 

67* to 217* peck 

— ^2nd Fancy, 107* to 30% of the whole kernels* 



3rd Fancy, 107* of the whole kernels* 




o 



Exhibit 7. Rice Prices. 



Rice 



Per Cwt 



Long grain head rice 

Long grain second heads 

Long grain parboiled - 1st fancy 

2nd fancy 
3rd fancy 



$9.00 - $10.00 

$6.00 - $6.50 

$11.00 
{510.25 
$ 9.50 



One barrel (l62#) will yield 106 to 115 pounds of milled 
rice (average 685^ yield). 

Rice hulls = 30#/barrel 
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Exhibit 8« Milled Rice Grades. 
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FMC CORPORATION (B) 



Rice Sorter Layout 



(c) 1964 By the Board of Trustees of Leland Stanford Junior University, 
Prepared in the Design Division of the Mechanical Engineering Department 
by J, Kendell Williams under the direction of Karl H. Vesper, The assist- 
ance of Dr« T* E, Roberts and Arthur Slemmons of the Central Engineering 
Laboratories and John Boyce, S, Creed, and Don Chamber lin of the Canning 
Machinery Division is gratefully acknowledged. Financial support for this 
study was provided by the National Science Foundation. 
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On March 24, 1958, Mr. Arthur Slemmons, a mechanical engineer for 
the Mechanical Section of the Product Development Department of the Central 
Engineering Laboratories was assigned to supervise the design of the mech- 
anical layout for a new rice sorter. Mr. Slemmons was familiar with some 
"jury-rig" experiments in rice sorting that had been conducted prior to 
his assignment to the project. In addition, he had layout drawings of the 
jury rig hardware and samples of some components chosen as a result of 
these experiments. 

Dr. Roberts prepared design specifications for the sorter in Jan- 
uary of 1958*and handed them to Mr. Herbert Brooks, the Project Engineer 
in the Electronics Section. A copy of the specifications appears in Ex- 
hibit 1. The machine was to handle : 2,000. pounds of par-b6iled:.rice.. per 
hour. Rice would fall against the point of a vertical cone and thus be 
spread into a falling cylindrical curtain 2 1/2 feet in diameter. Grains 
would be illuminated by incandescent of fluorescent lights and individually 
scanned by a mirror- lens- slit system turning at 3600 rpm. A background 
with reflectance equal to that of good rice would be positioned outside 
the curtain of rice. Light passing through the 1 mm. by li.cio. :'.imager*f orming 
slit would be received by a photomultiplier tube connected to an electro::.:'.cf: 
unit that would recognize defective rice on the basis of intensity and 
transmit a signal to a 200 segment spark gap commutator. Each segment 
would be connected to one of 22 trigger tubes which control solenoid- 
operated air valves mounted on the outer periphery of the sorter, 3 inches 
from the curtain of rice. Air blasts from the valves would blow defective 
grains out of the main flow. 



Compistitive Rice Sorter. 

Several of the jury-rig experiments performed at GEL were concerned 
with detection and rejection of methods used in a competitive sorter manu- 
factured by the Gunson Seed Company, Ltd., of England. The "Sortex Sorting 
Machine" made by Gunson had been developed after World War II when par- 
boiled rice increased in popularity among consumers. It operated at an 
input rate of 20 to 120 pounds per hour, depending upon the quality de- 
sired. Rice was fed from a screw conveyor into a hopper located above 
the feed and detection systems. An aligner beneath the hopper ordeted 
rice into a single stream on a grooved rubber belt. Rice grains falling 
from the end of the moving belt were individually scanned by a photo- 
multiplier tube and lens system. A background with reflectance equal to 
that of good grains was positioned behind the rice to prevent the sorter 
from "firing" at a gap in the stream. Pecky grain reflected less light 
than good grain, and weaker signals from the photomultiplier triggered 
the rejection electronics which electrostatically charged a pointer lo- 
cated below the optics system. The pointer charged defective grains 
shortly after they were scanned. A plate below the pointer was oppositely 
charged to deflect pecky grains horizontally into a rejected product 
hopper. Good grains were not charged and fell undeflected into a second 
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product hopper. The layout of the Sortex machine is described in greater 
detail in Exhibit 2. 

The Sortex machine leased for $750 annually. The capacity of the 
sorter required installation of many machines in a plant with an hourly 
processing capacity of 10 to 20 cwt.-"- Johnson Soup Company in Sacramento, 
California, for example, used 12 machines to sort par-boiled rice prior 
to its use in their soup products. The total output of the sorters at 
Johnson's varied between 600 and 1000 pounds per hour. 



FMC Sorting Eatpeirlmfents 

CEL discovered that the electrostatic separation process had been 
patented by the Gunson Company and that they were not interested in selling 
any production rights to FMC Corporation. Dr. Roberts commented, "We 
were forced to use some other system, and we had quite a research program 
going to try different methods for detection and separation. 

At the beginning of the conceptual design phiase of the project, it 
was decided that the FMC sorter would be a circular machine, with rice 
entering the machine through a cone designed to spread the rice into a 
single layered curtain. Dr. Roberts explained, "A circular sorter three 
feet in diameter would be much more compact than a linear machine ten feet 
wide." Dr. Roberts had planned on using an optical detection system and 
noted, "An optical detection system located in the center of the circular 
machine would always be the same distance from falling grains, while with 
a linear machine, there might be some corrections necessary at the ends 
of the line." 

CEL's first experiment with separation methods was concerned with 
a variation on Gunson 's electrostatic rejection process. CEL engineers 
discovered that pointed rotating arm could charge rice falling from a 
conical feed cone. An optical detection system was not installed on the 
jury-rig, but the engineers proposed that a mirror mounted on the arm 
could reflect light from the grains to a photomultiplier located above 
the mirror on the rotating axis of the arm. An image- forming slit, .. . . 
1mm. X 1cm., mounted axially above the mirror, would rotate with the 
mirror, allowing light from a small viewing area to be incident on the 
photomultiplier. The virtual image of the slit would sweep across the 
falling curtain of rice. The proposed sorter would have a circular back- 
ground similar to the Sortex background. 

To reject, signals from the photomultiplier would trigger electronics 
for charging the pointer when defective grain was detected. This experi- 
ment was discontinued after CEL engineers decided that patent difficulties 
would inevitably arise. They also felt that technical difficulties like 
that of maintaining the 20,000 volt charging voltage in the dusty mill 
atmosphere detracted from the advantages of this sorting method.^ The pro- 
posed '.electrostatic sorter is described in greater detail in Exhibit 3. 



(1) A weight equal to 100 pounds. 

(2) Name fictitious 

B«»2 
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The next experiment used an air gun on the end of a 1 foot arm 
spinning at 3600 rpm. The air gun blew defective grains out of a curtain 
of falling rice. Several different devices for generating the air blast 
were tried including a solenoid-operated air valve, a gas explosion device, 
and a capacitor discharge device^ 

The air valve consisted of a wire wound iron core magnet which v/ni; 
momentarily energized to pull a steel "bullet*' away from a valve scat. 
Air at 10 psi. entered the valve adjacent to thi^ bullet and flowed througli 
a cyljudrical hole in the seat. Reduced pressure at tlie .seat caused by 
air flow around the bullet pulled the bullet back to tht' s'c^at, slmttin- 
off the air flow. The air valve is described in greater detail in Kxhibit 4. 

The gas explosion device consisted of a 1 cubic inch chamber equipped 
with a small spark plug which ignited an explosive mixture of methane gas 
and air introduced to the chamber from a passage in the rotating arm. Hot 
gas from the explosion was expelled through a nozzle. 

The capacitor discharge device consisted of a 1 cubic inch chamber 
with insulated capacitor plates attached to two opposite chamber walls. 
Electrostatic discharge across the capacitor heated and expanded air in 
the chamber. and expelled if through' an air nozzle. Cool air refilled the 
chamber as a rcs\ilt of low chamber pressure caused by expulsion of heated 
air. 

With the arm turning at 3600 rpm inside a 2*1/2 foot diameter 
curtain of rice, the blast generator would liave to rcfire approximately 
every 44 micro- seconds for defective grains locate 1/4 inch apart. CEL 
engineers found experimentally that the air blast generators used in the 
experiments required from 40 to 80 milli seconds to refj.re. As a conse- 
quence, CEL engineers decided to use 200 of the bullet- type air valves 
located outside the curtain 3 inches from the grains. Tlic valves would 
be timed with respect to the optical system by a 200 segment spark-gap 
commutator attached to the rotating optical assembly. 

Feeding Expierlwehts 

In November, 1957, Mr. R. E. Doughty, a mechanical engineer for 
CEL, conducted several experiments concerned with feeding rice, peanuts, 
and rivets. 1 Peanut and rivet experiments were performc?d to determine 
whether products other than grain could be fed at rates high enough for 
application of the proposed optical sorter. 

Optics required the rice curtain to be one grain thick. The velo- 
city of the falling grains after leaving the feeding mechanism had to be 
small enough to allow viewing of all grains in a spiral path around the 
curtain. The width of the path was the vertical image on the rice cur- 
tain of the viewing slot in the optical system. The rice ]i:id to fall 
within ± 1/4 inch of the averane trajectory in i>rder tu reiaain in the 



(1) "Techniques for the Feeding of Rice, Peanuts, and Rivets at High 
Rates for Electronic Sorting," R. E, Doughty, FMC Corporation, 
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depth of field of the viewing lens system. 

Mr. Doughty found that a simple polished stainless steel conical 
slide with a 25 degree angle between the cone surface and a horizontal 
line was sufficient for feeding rice in a 1 grain thick curtain. The 
maximum rice flow rate for such a cone was approximately 55 pounds /hr; per 
inch of cone arc at the cone base. Mr. Doughty suggested a 30 inch case 
diameter cone for a flow rate of 2.6 tons per hour. He calculated the 
velocity of rice grains at several points along/the: trajectory beyond: the 
cone on the basis of a parabolic trajectory. He also calculated the 
viewing image length required for viewing at several distances below the 
lip of the feed cone knowing the rotational speed of the scanning system 
and the velocity profile along the trajectory. For example, a 1 cm. long 
viewing slit required that an optical system turning at 3600 rpm scan the 
grains 3/4 inches below the lip where the velocity of the grains was 
approximately 30 inches per second. 

Mr. Doughty suggested in his report that a 15 inch diameter feed . 
cylinder be situated above the cone to control the flow through an ad- 
justable gap between the lower edge of the cylinder and the cone surface. 
He determined experimentally that a 7/16 inch gap would provide maximum 
capacity for the 30 inch base diameter cone. 

Feeding experiments for peanuts and rivets were conducted using 
feed cones equipped with aligning and ^'singulating" troughs. Color ano- 
dized aluminum rivets, for example, were fed from a cylindrical feed 
hopper into a dozen aligning troughs attached to a 25 degree cone. A 
vibrator attached to the cone helped order the rivets into singleTf ile!. 
lines. A machine using this feeder possibly could be used to sort poorly 
anodized rivets from the main stream. Mr. Doughty discovered that peanuts 
fed on this type of cone would bunch into groups of 3 to 4, resulting in 
erratic feeding. He obtained better results with a grooved belt fed by 
a vibrating aligner which could feed at 65 peanuts per sec, but he felt 
a multiplicity of belts was not readily adaptable to a circular machine. 



Optical Petecfcion EXT^^fttiieut^ 

Shortly after Dr. Roberts had drawn up the sorter design specifi- 
cations, additional tests were performed on a jury-rig optical system. 
CEL engineers discovered that the electronics would detect shadows on 
the background and interpret them as defective grains. The system was 
also sensitive to grain size. A large pecky grain reflected as much 
light as a small good grain. Consequently, a two color detection con- 
cept was chosen to replace the total reflected light system. The jury- 
rig test used two photomult ipliers equipped with color filters. Light 
passing through a 1 mm. by 1 cm. image slit was divided by a half- 
silvered mirror, filtered, and received by the photomul tipliers which were 
connected to an electronics unit that recognized signals from defective 
grains on the basis of light intensity in two narrowed color bands approxi- 
mately centered around 600 millimicrons and 1000 millimicrons wavelength. 

B-4\ 
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These wavelengths were chosen so that the difference between the signals 
of the two photomultipliers was positive when pecky grain was viewed, • 
whereas the difference was negative for good grain* The rejection elecr . 
tronics were adjusted so that only a positive signal Would trigger the 
air valves* A flat black background and light trap outside the rice 
curtain absorbed incident light* A negligible signal was received from 
the photomultipliers when no grains were in the viewing area. 

The jury-rig tests also indicated that the incandescent A,C, 
lamps used in the experiment provided uneven illumination, which would 
affect the sorting efficiency when the machine was finely adjusted to 
detect grain with very small peck* Bill Carney, a Project Engineer in 
the Electronics Section, suggested that light could be introduced into 
the sorter from a high intensity spotlight using a lens and mirror located 
axially above the jury-rig viewing system* The system would use a 1 inch 
diameter illuminating aperature to provide a spot of light on the curtain 
coincident with the 1 mm* x 1 cm. virtual image of the viewing slit, 
Louis Thayer, an Application Engineer, suggested a 200 watt, 30 amp loco- 
motive headlamp as the illumination source. The envelope dimensions for 
the spotlight and photomultipliers are given in Exhibit 5* The jury-rig 
sorter is described in greater detail in Exhibit 6, Approximate manu- 
facturing or purchasing costs for important components sele^cted for .'the 
development model sorter are noted in Exhibit 7# 



Savtex layoat 

Mr* Slemmens noted several problems for solution during the layout 
of the development model sorter* Since:;there were 200 air valves, he 
felt that the jury-rig valve design should be modified for production 
on an automatic lathe* He also noted that the extension of the jury- 
rig scanning head to accomodate the illumination lens and mirror might 
add to problems of balance and vibration. He said, "The angled mirror, 
for example, results in unbalanced moment on the head spinning at 3600 rpm* 
Careful calculations will have to be made to provide for balancing of the 
scanning assembly after the design had been determined. 
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Exhibit 1. Design Specifications. 

CORPORATE OFFICE 

FOOD MACHINERY AND CHEMICAL CORPORATION 
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DATE: Janiiary 6, 1958 

SUBJECT: Whirlwind Separator 
CE Project 9509 



INTER - OFFICE MEMORANDUM 



FROM; T. E. Roberts, Jr, 
TO: H. B. Brooks 



cc: H. A. Oldenkamp 

W. J. Adams, Jr. 

W. S. Thompson 

L. Thayer 



The final objective of CE Project 9509 is to construct one model of a 
circular scanning machine for sorting parboiled rice. The immediate tasks are 
to perform the work required to complete Steps 1 and 2. Louis Thayer has accepted 
responsibility for completing the market analysis required in Step 1 and he will 
complete this investigation "by February 15th. 

Your assignment is that of Project Engineer for Steps 2-5. Since this 
project is the most important that we have undertaken in electronics, you should 
plan to devote your full attention to this project for at least the next two 
months. After two months or so the project may be organized in such a way that 
you could pick up other assignments. 

Your efforts should be confined to Step 2 work until a project cost estimate 
for Steps 5-5 has been made and approval obtained to continue into this work. 

The objectives of Step 2 for this project are: 

1. Jury rig tests of untried principles. 

2. Study layouts. 

5. Engineering cost estimate for complete project. 

k. Manufacturing unit cost estimate. 

5. Market analysis (assigned to Thayer). 

6. Preparation of a report and appropriation request. 

You should first form a plan for carrying out Step 2 and make the basic 

decisions concerning the required jury rigs, whether a complete rotating assembly 
is needed, what electronics should be bread-boarded, etc. Then determine whether 
the present appropriation is sufficient for this work. 

The engineers available for this project are: 

H. B. Brooks B. M. Carney R. E. Doughty (l/2 time) 

V. 0. Blackledge T. E. Roberts (l/4 time) 

If you can develop a good program around these people, fine. Otherwise we 
can make the required changes. 

Attached are general specifications for the machine. Please suggest changes 
that you feel are desirable. ^^^^^ffP 
rpgj^.j]^ T.(E. Roberts, Jr. 

Courtesy of FttC Corporation 
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WHIRLWIND SEPAE^QR SPECIFICATIONS 



I. Product 

The product is parboiled rice to be handled at the rate of one ton 
per hour. This is about 15^000 grains per second. Up to five percent of 
the product may be defective. 

II. Mechanical Arrangement * 

The mechanical layout will be for a circular machine in the manner 
layed out by Doughty. The rice flow cylinder should be 2 l/2 feet in 
diameter with a background 5 inches behind the rice. The design should be 
such that rice cannot accumulate anywhere within the machine. 

III. . Scanning 

The scanning should be done by rotating a lens-mirror system at 5^600 
r.jJ.m. This implies a linear scan rate of lk,^00 centimeters per second. 
If there is one rice grain per square centimeter in the rice flow cylinder^ 
this will give about one ton per hour. 

IV. Optics and Electronics 

The optics should carry the light signal from a slit 1 mm. x 1 cm. to 
a photomultiplier tube. The photomxiltiplier output should go into an 
electronic unit that recognizes defective rice and transmits a signal to 
the commutator. The pulse width for a small defect will be l/lifJ^OOO sec. 
so that an electronic bandwidth of lifJ^OOO cps. will be about optimum. 
(This will allow considerable noise from the photomultiplier. Some type 
of automatic stabilization of the circuit sensitivity should be included, 
lighting will be by use of 5 circuline fluorescent tubes or indirect 
incandescent. 

V. Commutator 

The commutator will be of the spark-gap type with 200 segments. A 
synchronizing signal may be required for the modulator that generates the 
signal for the commutator. This can be obtained from a disk and photo- 
tube. 

VI. Reject Mechanism 

The rejection shall be by use of air controlled by solenoid-operated 
valves. The solenoids will be controlled by a 5823 cold cathode trigger 
tube^ the grid of which is connected to a commutator segment. A high 
resistance will be in the commutator "brush" to prevent overloading the 
5825 grid. The reject mechanisms are to be mounted on the outer periphery 
of the machine. 



Courtesy of FMC Corporation 



Exhibit 1. Design Specifications. 



ECL-17 
M.E. 114a*3 



Page 2 



VII. Motor Drive 

There are several advantages to the use of a synchronous motor drive. 
This should be considered. 

VIII . Physical Arrangement 

Whenever practical all parts should be accessible. In the first 
model it vould appear that the electronic components and power supplies 
should be in a standard 19-inch rack. 

IX. Design Standards 

The general design should be conservative and the reliability equiva- 
lent to that which can be obtained through use of standard components. 
No special effort should be made to use high reliability components or to 
use plug-in components. There will be a re-design in Steps 5-9 ^*or high 
reliability. In cases where there may be trouble- shooting problems, i.e., 
200 reject channels, a test procedure should "be established and the required 
feature designed into the machine. 



Prepared by: T. E. Roberts, Jr. 

January 6, 1958 

TER: jk 



Courtesy of FMC Corporation 
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Power Supply 



Input hopper. 



Rotating grooved belt. 

Photomultiplier» lens. 

Background 
Illumination source. 
Charging pointer. 

Rejection plate. 
Reject product hopper. 
Sorted product hopper* 
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Exhibit 7, Jury-Rig Sorter Costs 

Note: The cost figures listed below include material, labor, and 
burden charges except on purchased items • 



Exhibit 6 


•Part 


No, 


Unit 


Part No. 


Description 


• "Req'd 


Cost 


la 


"Blue" Photomultiplier 


1 


$ 55.00 


lb 


"Red" Photomultiplier 


1 


$ 110.00 


2 


Color Filter 


2 


$ 10.00 


4 


Lens 


2 


$ 100.00 


5 


Mirror, Front Surfaced 


2 


$ 26.00 


7,8,9 


Commutator Assembly 


1 


$ 635.00 


10 


Glow Discharge Iriode 


200 


$ 0.75 


11 


Reject Valve 


200 


$ 22.00 


20 


Drive Motor, 1 Hp. 


1 


$ 75.00 


21 

• 


Scanning Head Assembly 


1 


$1000.00 


24 


Half Silvered Mirror 


1 


$ 30.00 



ECL 17 



FMC CORPORATION (C) 



Mechanical Failures in a Rice Sorter 



(c) 1964 by the Board of Trustees of Leland Stanford Junior University. 
Prepared in the Design Division of the Mechanical Engineering Department 
by J. Kendall Williams under the direction of Karl H. Vesper. The assist- 
ance of Dr. T. E. Roberts and Art Slemmons of the Central Engineering 
Laboratories and John Boyce , S. H- Creed, and Don Chanberlin of the 
Canning Machinery Division is gratefully acknowledged. Financial support 
for this study was provided by the National Science Foundation. 
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In September, 1963, Don Chamber lin, an engineer for the Canning 
Machinery Division of FMC Corporation, faced the task of eliminating 
problems that had occurred in four rice sorting machines which had been 
leased to the Consolidated Rice Company, and installed in their plant 
in Houston^ Texas. Consolidated's engineers had difficulty timing the 
sorter because Electronic trigger tubes controlling the rejection air 
valves sometimes would fail to extinguish. Also, three cases of scanning 
spindle bearing failures had each resulted in several hours of down- time 
during the September through November harvest season. Oil mist from the 
bearing lubricators and rice dust were collecting on the optical viewing 
shield, requiring cleaning every two hours during peak operating periods 
or installation of a clean shield which required 15 minutes of down- time. 
When Consolidated *s managment requested assistance from FMC, Don Chamber- 
lin and Bill Myers from the Canning Machinery Division and Bill Carney 
from the Central Engineering Laboratories flew to Houston in mid-September 
to determine the reasons for the problems. The operation of the sorter 
is described in Exhibit 1. 

VJhen Don Chamberlin returned, he described these problems in a 
memo to the Assistant iChief Engineer, Mr. S, H» Creed, The memo appears 
in Exhibit 2. Don felt that the failure of the upper spindle bearing 
was the most significant dif f iculty vancoiihtered and St&te«J,"If the bearing 
fails, the machine can't do its job at all/' Don did not know the reason 
for the bearing failures, although he suggested that assembly practices, 
lubrication problems, and rice dust in the bearing were possible contri- 
buting factors. 



CANNING MACHINERY DIVISION 

In January, 1959, the Canning Machinery Division was chosen by 
Corporation officials as the division best suited to carry through de- 
sign of a production model of the rice sorter and sponsor Step 6 through 
Step 10 of the product development program. ^ xhe intended applications 
of the sorter were in food processing, and CMD^ with its national sales 
had developed close relationships with major food processing companies. 

Founded in 1952, CMD consisted of two major operations, one lo- 
cated in San Jose, California, and the other in Hoopeston, Illinois, each 
with major plant facilities and sales offices. The San Jose plant, em- 
ploying approximately 50, mechanical engineers; was selected to proceed 
with the project because of its proximity to the Central Engineering 
Laboratories « Facilities of the 100 acre plant included a large machine 
shop, sheet metal fabricating and finishing shop, and three assembly bays 
each with approximately 30,000 square feet of floor space. Each engineer 
at CMD was associated with a particular project or type of machinery. 
The engineers developed basic product ideas, designed production equipment, 

(1) Name fictitious 

(2) Refer to Exhibit 3,. FMC Corporation (A) 

(3) CMD is the abbreviation for Canning Machinery Division 
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and assisted in field testing of Division products. In addition, they 
frequently did development work on machinery designs for outside companies. 
CMD products included fruit and vegetable harvesting and processing equip* 
ment, atmospheric and pressurized continuous can cookers, and dairy pack- 
aging and filling equipment. 

Don Chamberlin graduated from San Jose State College in 1959 with a 
B.S. degree in Engineering . His studies included electronics, materials 
and production processes, as well as mechanical design subjects. He said, 
"You have to study a lot of material in school that has uncertain value 
at the time and learn some things you feel can't be applied on the job." 
He enjoyed laboratory work in school and felt that his early interests in 
mechanical things had been helpful in later work. Don Chamberlin' s hobbies 
included electrical and mechanical "tinkering" at home. 

When he was assigned to the sorter project, Don Chamberlin had been 
working for CMD for five years. His first job with CMD was detail de- 
signing performed on a part-time basis while attending San Jose State 
College. Shortly thereafter, Don became interested in pear handling 
equipment and was asked by the Assistant Chief Engineer to come up with 
new ideas for pear aligners and feeders used with pear coring, pealing, 
and slicing machines. Don developed his ideas with mock-ups and eventually 
tested several aligners in the field. Don said, "To take a machine out in 
the field and run it under really adverse conditions is a broadening, exr- 
perience. I became much more conscious of what would and Wouldn't work 
under such conditions." Don's ambition was to eventually be a project 
engineer. 

Transfer of the Sorter Project 

The design of the developmental model rice sorter by the Central 

Engineering Laboratories had proceeded over a four year period. During 
this time, eight engineers had worked on the project, including five 
electrical and three mechanical engineers. 

In June, 1959, tests of the development model sorter were conducted 
at the Johnson Soup Company^ plant in Sacramento, California, The tests 
were organized to determine the reliability of the sorter under operating 
conditions and were part of the Laboratories' responsibility under Step 5 
of the development program. On June 11, 1959, the sorter operated for 
one hour at the rate of 1100 pounds per hour, and removed 857i of the 
pecky grains from the stream. The laboratory continued to perform tests 
at Johnson Soup in Sacramento and Consolidated Rice in Houston, Texas, 
during July of 1959. 



Name fictitious 
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In August, 1959, CMD assigned a project engineer to the rice sorter 
project and assumed financial responsibility for the remainder of the 
product development project. The project engineer from CMD worked 
closely with the engineers from GEL during the design of the production 
model sorter. 

Developpieat and Production Model Design Differences 

There were several major mechanical differences between the devel- 
opment model sorter and the production machine. A typical example was 
the support structure. Dr. Roberts noted, "The structure of the devel- 
opment sorter was designed with a number of individual members welded 
together to achieve light weight and ease of manufacture for the first 
test model. CMD made theirs from a piece of steel plate rolled into a 
tube, which is the way that they make a lot of their equipment." The 
development model sorter was approximately 9 feet tall. The height of 
the production model was set at 7 feet, 8 inches by the project engineer 
so that the sorter would fit through the 8 foot door of a standard rail- 
road freight car. The design of the development model sorter is described 
in greater detail in Exhibit 3. 

Another example was the design of the feed cone. The development 
sorter initially used a sheet metal cone with a 30^ angle between the 
surface of the cone and a horizontal line through the apex. Dr. Roberts 
said, "We didn't do enough experimenting and consequently found out after 
building the machine that rice would flow by the air valves too fast. 
When the cone angle was decreased to 25*, the slightly oil rice grains 
would stick to the cone surface." Electromechanical shakers were in- 
stalled on the underside of the cone to help smooth out the rice flow, 
but the vibrators formed waves in the cone surface which caused non- 
uniform feeding. The problem was solved by a technician working on the 
sorter project in the test laboratory. He had been experimenting with 
a piece of window screening and discovered that rice would stop motionless 
after hitting the screen. Further experiments conducted on the devel- 
opment model with screen and other material led to the design of 0.005" 
thick sheet metal baffles placed around the edge of the 30*" feed cone of 
the production model sorter. The baffles are described in greater detail 
in Exhibit 1, page 10. 

There were major differences between the two machines in the design 
of the product collection hoppers. Both models had two concentric hoppers 
separated by a divider baffle. The development model hoppers had ' in- 
dividual bottom plates. Each plate sloped at a 45° angle to a product 
ejection chute. During the operational tests, it was discovered that rice 
pilled up in the sorted product hopper. Dr. Roberts said a special chute 
was attached to the hopper in order to continue with tests. The product 
hoppers of the development model are described in greater detail in 
Exhibit 3, page 2. 



CEL is the abbreviation for Central Engineering Laboratories 
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The first design of the hoppers on the production model consisted 
of two concentric cylinders seated against a driven rotating bottom plate 
designed to push the rice into scoops which projected into each hopper. 
The hopper walls, scoops, and divider baffle were sealed against the 
bottom with felt or rubber wipers. This feature is pictured in Exhibit 1, 
page 8. When engineers discovered that the pecky grains were getting into 
the sorted rice hopper by squeezing under the wipers, the design was 
changed to include rotating product discharge brushes which pushed the 
rice into a Idrge opening for a product chute attached to the fixed bottom 
of each hopper. The discharge brushes and product chutes are pictured in 
Exhibit 1, page, 6. 

The spindle bearings of the development model sorter were pressed 
into the spindle housing, whereas the production model used bearing re- 
tainer clamps to facilitate assembly of the spindle and housing. 
Mr. Slemmons of CEL commented, "I feel that it is necessary to press the 
'gearings into the outer housing when the inner race supports an unbalanced 
r^ad, as in the case of the scanning spindle. In this case, the load re- 
mains in fixed position to the inner race but constantly shifts with 
respect to the outer race as the spindle turns. A clamped bearing may 
tend to walk and vibrate with the changing load if there is any dirt 
between the clamp and bearing face. It is often necessary to use a torque 
wrench tp insure even clamping pressure." 

Production Model Bearing Problems 

When Don Chamberlin was assigned to the project in 1962 as a design 
engineer, the Canning Machinery Division had produced five production 
model rice sorters and was in the early stages of manufacturing three 
additional sorters. The first, third, fourth, and fifth machines were 
installed at Consolidated Rice Co., Inc., Houston, to sort pecky grains 
from the rejects of their mechanical sorters. The second sorter was 
installed at the Valley Vegetable Packers, Inc., plant in Modesto, 
California to sort dried and diced carrots. 

The bearing problem had occurred previously on the first rice sorter 
at Consolidated. The trouble was evidenced by a high pitched "howl" from 
the machine, which, Don said, would have eventually ended in failure of 
the spindle bearings. The project engineer at that time attempted to 
solve the problem by changing the lower ball bearing on the spindle to 
a roller bearing, which allowed axial movement of the inner race relative 
to the outer race. Don stated that this eliminated the possibility of 
(1), axial pre-loading of the bearings during assembly, and (2) axial 
loading of the bearings during operation due to thermal expansion between 
the spindle and spindle housing. The assembly of the bearings is pictured 
in Exhibit 4. Dimensions and tolerances of parts in the scanning head 
assembly are given in Exhibit 5. 



Don's first assigment was to implement the bearing change during a 
field trip to Houston in August, 1962. The trip had been organized to 
give him familiarity with assembly of the machine • The bearing change 
was also made on the machine at Modesto and incorporated on the three 
sorters being manufactured for Consolidated. 

When Don returned from Houston in September, 1962, he felt that 
additional changes in the mechanical design of the sorter were: necessary , 
particularly in the area of the upper scanning spindle bearing. He said, 
"In one instance, service personnel at Consolidated installed a new upper 
bearing on the sorter and it failed inside one week I . This occurred when 
they were operating on a 24 hour basis/* The upper bearing was a New 
Departure No. 73L22 light-weight ball bearing, shielded on one side only. 
This bearing is described in greater detail in Exhibit 6, under the 3L22 
classification. 

The bearing lubrication used in the sorter was an Alemite oil mist 
lubricator, which consisted of an oil reservoir and atomizing pump which 
forced oil mist through 1/4 inch copper lines to the bearings. Don said 
that the mist system was used to help keep electronics and commutator 
parts dry by reducing mist flow-rate to a point where only a thin film 
of oil formed on the balls. The oil mist unit is shown attached to the 
sorter base in Exhibit 1, page 7. 

The function of the scanning spindle was to support and rotate the 
scanning head which carried mirrors and lenses for sweeping the beam of 
light over the curtain of falling rice. The spindle rotated at 3600 rpm 
and was supported by ball bearings at the upper end and by roller bearings 
at the lower end. The bearings were in turn supported by a cast spindle 
housing which joined with the base structure of the sorter. A spark gap 
commutator to time the reject valves was attached to the housing and 
spindle. The spindle was connected to the drive motor by a cogged timing 
belt. The assembly of these parts is described in greater detail in 
Exhibit 4, page 1. 

Don felt that rice dust in the upper spindle bearing was causing 
the bearing failures. He noted that the evidence supporting his conclusion 
was primarily the presence of an oil-dust sludge found in an upper spindle 
bearing which failed at Consolidated in September, 1963. Don said that the 
installation of the roller bearing had not eliminated the bearing failures. 
Don approved of the addition, however, and stated, "It was not good 
practice to fix the bearings through two different paths." 

Don said that approximate bearing lifetime calculations had been 
made, but commented, "That bearing should have lasted for sixty years I" 
To help determine the reason for the bearing failures, a manufacturer's 
representative for the New Departure Division of General Motors Corporation 
was called. The representative noted the conditions under which the 
bearing was operating, including Don's comment that rice dust was getting 
past the dust shields located over the upper bearing. This information 
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along with several failed bearings was sent to the New Departure plant 
In Bristol, Connecticut. Bearing specialists there performed an analysis 
of the bearings, a summary of which is included in Exhibit 7. . 

Don was surprised by the bearing analysis. No mention was made in 
the report of any possible effect of the rice dust in the bearings. 
Contrary to the report, he felt that the bearing was not being excessively 
radially pre-loaded. "The installation involved a light press fit," he 
said, "and I specifically mentioned to the New Departure people that the 
outer race was clamped in our application. This is one of those times 
when an o.ngineer should season a suggestion with some of his own analysis 
and intuition." 

Don noted several design weaknesses in parts of the spindle area that 
might have contributed to the bearing failures. The previous project 
engineer had installed dust deflectors above the upper spindle bearings. 
The lower half, part no. 688068, retained the bearing and provided a dust 
shield. The upper half of the assembly, no. 689380, was added later to 
provide additional dust protection. The deflectors were made of aluminum, 
and Don thought it possible that aluminum filings formed by abrasion with 
the spindle could get into the upper bearings* He also noted that the 
original parts drawings made no notation of any parallel tolerance be- 
tween the bearing lands. An adapter forming one bearing land was bolted 
to the main spindle. Don noted that it was possible to have non-paralleled 
lands, and said, "You have to have parallel lands to insure proper operation." 

In approaching the problem of eliminating the bearing failure, Don 
said, "I would redesign everything that might contribute to the problem. 
A lot of the design was not well thought out simply because it became 
necessary to solve a problem quickly by adding to tUr design. IL s very 
difficult to get someone to back up and do it properly." Don noted that 
cost as well as reliability considerations were important to the design 
of the sorter, and that it was desirable to keep the number of new parts 
to a minimum. Cost figures for several parts in the spindle area are 
given in Exhibit 8« 

Commutator Problems 

Don worked alongside the production workers when the three production 
models were being assembled to insure that care was used during the assembly 
of the bearings. When the commutator was being installed, he discovered 
another problem* It was difficult to maintain concentricity between the 
commutator rotor pointer and stator needles, A check of concentricity 
with a feeler gage was required during assembly and also later when the 
machine was timed in the processing plant to improve sorting performance. 

The function of the commutator was to distribute at the proper instant 
a signal from the optical detection system to the trigger tube controlling 
the air valve adjacent to a defective grain. A 10,000 volt pulse signal 
from the high voltage power supply was conducted by a spring loaded carbon 
brush in the stator to a metal slip ring iM the rotor. A single rotor 
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pointer distributed the signal across a 0.005 to 0.008 air gap to one of 
198 stator needles, each of which was wired to one of six electrical 
connectors on a metal frame attached to the base of the sorter. Cabling 
from the connectors led to six banks of trigger tubes mounted adjacent to 
the air valves. 

The coiranutator stator was attached to a "commutator spacer" with six 
socket head cap screws which passed through elongated holes in the stator 
body. The elongated holes allowed the stator to be rotated relative to 
the housing, while a "concentricity guide" centered the stator. The 
guide was mated to the , stator body with a close fit and held in position 
by a set screw. The stator was secured to the spindle housing by socket- 
head cap screws. The commutator stator and rotor assemblies are described 
in greater detail in Exhibit 4. Details of the commutator parts are in- 
cluded in Exhibit 5. . , 

The sorter was timed by removing four trigger tubes for air valves 
located 90** apart. Each firing space could be tested in relation to itfi 
air valve by placing a 1/16 diameter sitck into the optical path radially 
in front of the valve air vane and moving the stick from side to side 
with the detection system and spindle operating. The limit of the firing 
space was indicated when an adjacent air valve fired. If all the spaces 
were off in the same direction, clockwise or coun.ter-clockwise , the 
stator was rotated to properly align the firing spaces in relation to the 
air vanes. If the fifing spaces were displaced in opposite direction, 
this indicated a radial displacement of the stator or reject manifold. 

In addition to timing, other commutator: maintenance included in- 
spection of the carbon brush, sharpening of the rotor pointer, and 
cleaning of the stator needles every seven days with a soft brush to 
remove rice dust. Maintenance was reduced somewhat by a shield or 
"slinger" which was attached to the spindle immediately above the com- 
mutator to throw oil mist and rice dust out of the space between the 
housing and stator through openings in the base of the housing. Oil 
drains were located around the outside of the stator toVdr'aw off con- 
densed lubricants High- pfesisure air 'was supplied to the commutator 
through air fittings located above the stator needles to keep dust off 
the needles. In addition, a plastic ring was located below the carbon 
brush to collect dust particles. This assembly is described in greater 
detail in Exhibit 1, pages 11, 12, and 13. 

Don said that because of the high selectivity of the spark between 
the rotor pointer and the stator needles, a concentricity tolerance of 
0.002 T.I.R. between the pointer and needles was required to insure that 
the proper air valve was fired when a reject was detected. He said that 
it had not been possible to achieve this tolerance without considerable 
difficulty in positioning the stator with respect to the spindle housing. 
When the concentricity was 0.010 T.I.R. , the commutator signal was strong 
to one side of the sorter and weak to the other. The fluctuating signal 
and impaired timing dropped the sorter efficiency 57.. Don said that 
0.002 T.I.R. was the most practical concentricity that their machine shop 
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could hold on the housing and commutator parts without resorting to 
special tooling. He noted that radial play in the roller bearing could 
contribute to the difficulties by allowing the spindle to be pulled side- 
ways by 0.003 inches when the cogged drive belt was slack. However, 
Don said, "Standard replacement parts like the commutator assembly and 
bearings should remain interchangeable with the new and old designs. 
We would also like to keep the number of new parts on the machine as low 
as possible and still solve the bearing failures and commutator alignment 
problems. Failures add considerable down-time to maintenance of the machine 
and detract from the Division's integrity." 
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FOOD PREPARATION AND PROCESSING EQUIPMENT 

FMC ROTOSCAN SORTING MACHINE 





Purpose 

The FMC Rotoscan Sorting Machine is designed for 
electronically inspecting and sorting small, free-flow- 
ing, granular and flake products in a lightning-fast, 
efficient and continuous operation. 

Products, Uses, Application 

Many products from which off-color and foreign 
material must be removed, lend themselves to Roto- 
scan sorting, such as rice, dehydrated diced vegetables, 
dried beans and grain. This machine employs a com- 
bination of mechanical, optical, electronic and pneu- 
matic principles to accomplish the scanning and 
sorting. In a typical operation, the Rotoscan would 
be placed in the final inspection line prior to packag- 
ing. It may also be used for initial line inspection at 
the source of product input. 



features and Advantages 

Reduced Labor Costs— reduces sorting labor require- 
ments. Also in some applications (such as diced 
vegetables) may eliminate or greatly reduce the 
trimming labor now used to trim the whole prod- 
uct. In this application the Rotoscan would sep- 
arate the defects from the diced or dehydrated 
product. 

Increased Yield— elimination of product waste in- 
herent in hand trimming operations may result in 
increased yields. 

High Capacity— as high as 5,000 pounds per hour on 
some rice. Capacity varies with the degree of 
defects present in the product, and the degree of 
separation desired. 

Upgraded Product— removal of off-color material by 
machine may result in a higher grade of finished 
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product. Sorting is consistent and uniform. No 
reduction in efficiency such as is prevalent in a 
manual operation. 

Simplicity In Design— manufactured in three basic 
removable sections for ease of service and modi- 
fications. Independent removal of upper frame 
section lends itself for replacement to a modified 
assembly to accommodate products requiring a 
different feed arrangement. 

Quality Control— efficient sorting and quality control 
adjustment is provided to allow for product varia- 
tion. 

Construction /Operation 

The FMC Rotoscan is comprised essentially of a feed- 
ing arrangement, a viewing system, and a rejection 
system mounted on a heavy fabricated steel base. 
Moving parts are dynamically balanced to provide 
a vibration-free operation. Automatic controls for 
the Rotoscan are housed in a console-type cabinet. 
In operation, the product is fed from the hopper 
through a revolving flow-control gate and cascades 
over a metal cone for even, circumferential distribu- 
tion in a thin layer preparatory to scanning. Scan- 
ning of the product takes place instantaneously. At 



the discrimination of the scanning device, the de- 
sirable product flows undisturbed to the proper 
discharge channel. Defective particles" transmit a 
signal to one of 198 air valves mounted around the 
circumference of the machine. This actuates a blast 
of air that blows the undesirable particle over a 
dividing partition into the reject chute. 
The scanning head optic viewer rotates approximate- 
ly 58 revolutions per second which enables it to detect 
undesirable particles at an extremely rapid rate. 



Specifications 

Height Overall 92" 

Width Overall (diameter) .60" 

Capacity: Up to 5,000 pounds per hour on some rice 

Product Discharge Height 20%" 

Product Feed Height (approx) 92" 

Motor HP Required: 

Main Drive 1 

Feed Drive 1/4 

Discharge Drive 1/2 

Cubic Feet (approx) 122 

Console Control Unit: 

Height Overall 7'2" 

Width Overall 55" 

Depth 2l!4" 
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FMC ROTOSCAN 

GEMERAL DESCRIPTION 
Function of the Machine 

The Rotoscan Electronic Sorter is a Machine for optically inspecting individual 
grains of dry products • Off -color or defective grains and off -color foreign 
bodies are removed from the main stream and allowed to exit through a reject 
spout. The Machine handles a continuous flow of material at a rate that depends 
on the material, nature and concentration of defects and the desired output 
product quality. 

Use is made of mechanical, optical, electronic and pneumatic devices in order 
to accomplish the separation. 

Major Components and their functions 

Major components are shown in Figures 1 - lif and a Block Diagram on Page l6 
illustrates the electronic system. Product is fed into the Upper Hopper which 
maintains a constant head on the Rotating Feed Gate. Product is metered at a 
rate which depends on the height of the feed gap of this Gate. The particles 
flow over the Feed Cone (Fig. ik) through a set of Baffles located on the 
periphery of the Cone. The Cone and Baffle are arranged so as to provide an 
even flow of material at a uniform velocity. The flowing objects are inspected 
immediately after leaving the Cone periphery. The material normally flows 
outside the dividing partition and down to the sorted product exit. 

A defective particle is blown inward by air from one of the I98 Reject Valves 
(Fig. 7 & Ik). Such particles flow through the inside collection Hopper and 
out the Reject Spout (Fig. l). In order that the proper Valve be actuated, it 
is required that the particles be successively scanned, reflected light collected 
and analyzed, a signal generated and coramutated to the Trigger Tube that controls 
the Valve to be actuated. 



Illumination is supplied by the Projector Lamp and Condenser Lens system (Fig. 8), 
located within the Upper Hopper (Fig. 2). This light is transmitted to a Lens 
and Mirror System in the Scanning Head (Fig. Ik), which is part of the Main Rotor 
turning at 35i^-0 revolutions per minute. Therefore, the Projector Lamp and 
Scanning Head provide a scanning spot of light that revolves at 59 revolutions 
per second. The flowing material is moving downward at a rate less than thirty 
inches per second. Therefore, the spot of light will illuminate every grain, 
provided the height of the "light spot" is greater than about 0.6 of an inch. 

Light reflected from grains of product is collected by the Viewing System which 
consists of a Lens and Mirror arrangement as shown in (Fig. ik) . The Viewing 
Aperture is in the form of a narrow slit arranged so that a virtual image of 
this slit is formed coincident with the illumination spot on the stream of 
flowing product. This slit turns, with the Scanning Head and is, therefore, 
always vertical. Below the slit is a lens, arranged so as to transmit the 
light with maximum efficiency down to the stationary Photomultiplier Box. (Fig. 
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The light enters the Photo-multiplier Box and is intercepted by a Beam Splitting 
Mirror (Fig. k-lk) . Part of this light is transmitted through a colored Light 
Filter (No.l) to Photo-multiplier No.l. Part of the light is also transmitted 
through Filter (No. 2) to Photo -multiplier No. 2. Each of these Photo -multipliers 
provides an electrical output signal proportional to the total light intensity 
received by that Photo-multiplier Tube. In case the Viewing System is aligned 
to an area where there is no grain, this System looks up into a black background. 
This background provides for a minimum of illumination. For all practical purposes, 
the Photo-multipliers receive a negligible light signal when no product is in 
view. 

Discrimination of defective product is based on color rather than reflected 
light sensitivity. Since Filter No.l transmits a different color than Filter 
No. 2, the outputs of Photo -multiplier No.l and No. 2 are proportional to the 
intensity of colored light transmitted by Filter No.l and Filter No. 2 respect- 
ively. 

By properly adjusting the relative amplification of the two Photo -multiplier 
Tubes, the System can be adjusted so that a positive difference signal out of 
the Difference Amplifier indicates a defective grain while a negative signal 
indicates a good grain. The (Pulse Generator) is designed to generate a 
Trigger whenever a positive signal is received. This Trigger causes a high 
voltage pulse to be applied to the Commutator Slip Ring (Fig. 4-6). This Slip 
Ring is electrically connected to a single Needle that turns with the Main Rotor. 
The Commutator is a non-contacting type, using high voltage to bridge the gap 
between the Rotating Needle and one of the I98 stationary Commutator segments. 
When a high voltage pulse is received at the Commutator Slip Ring, a very weak 
spark occurs across the gap to only one of the stationary segments. Each seg- 
ment is tied to the Trigger Electrode of one of the 198 Cold Cathode Trigger 
Tubes (Fig- 2). If a Trigger Tube receives a Trigger, it is turned on and 
current flows through the Solenoid of one of the Reject Valves (Fig. ?)• This 
Valve opens and a short blast of air blows the defective product across the 
dividing partition of the Collection Hoppers. 

The transmission of the reflected light, generation of a Trigger and application 
of the voltage to a particular Trigger Tube takes place in a very short time 
(a few millionths of a second). The actuation of the Reject Valve and air blast 
takes about ik milliseconds for one cycle. This means that the Valve is open 
for slightly less than one revolution of the Scanning Head. Because of the 
Valve inertia, it is necessary to apply power to the Valve for approximately 11 
milliseconds duration. 

It is characteristic of gas Trigger Tubes that they may be turned on with a 
Trigger Electrode, but they can be turned off only by interrupting the flow of 
the plate current. In the present Mfeichine the Trigger Tubes are arranged on 
six chassis in twelve groups. Plate power, 19O volts, is applied to each group 
through a Switch that opens once each revolution of the Scanning Head. The 
timing of this Switch is adjusted so the Switch opens and recloses just before 
the light and Viewing System is aligned with that particular bank of Tubes. In 
this way, any given group of Tubes has plate power, applied when a Trigger is 
received and the plate power remains applied until approximately 11 milli- 
seconds after the Trigger Tube has been turned on. 

Courtes- of FMC Corpo'-'^tion X4) 
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The Plate Circuit Commutator (Fig. ll) with twelve Switches, one for each "bank 
of Tubes, is located on the Shaft of the Rotor Drive Motor which turns at I77O 
revolutions per minute. A double Lobe Cam is used to actuate the Switches so 
that the Switches operate at the scanning head rate of 35^0 revolutions per 
minute. The Motor and Scanning Head Rotor are connected by a Gilmer Timing Belt 
(Fig. 11) so that there will be no relative shift in angular position of the 
Rotor with respect to the Cam. 

Summary of operation 

A summary of the Machine operation is as follows: A defective grain causes a 
signal to be generated that is applied as a high voltage pulse to the Slip Ring 
of the 198 Commutator. This signal is transmitted to the Trigger Electrode of 
one of the 198 Trigger Tubes. IVhen a Trigger Tube fires, it causes its associated 
Reject Valve to open and a blast of air blows the grain over the dividing parti- 
tion. The time for the occurance of this blast of air is approximately l^f 
milliseconds; the reflected light transmission and signal generation occurs in 
only a few millionths of a second. 



Courtesy of FMC Corporation. 



(5) 




ECL-17 
M.E. 114a-3 

SORTER 



ROTOSCAN 



Reject NAlves 



FEED CQNE- 



DETAIL SECJJQN - 



ViEwiNO System 

TtZANSPARENT SHIELD 



Rotating Di3CHAQ6£ BausHES - 



S0L€fs)OID 
POWETJ 
SUPPLV 



t^OOy A SWITCH 



Reject Ppoduct Discmap&c - 

SOBTED PGODUCT DiSCH, 



k Bea^m Splitter 

i P'LTie *U APEtynjQ^. i Pep 
Photo MULTiPUER njai" ^ — 

PHOrOMULTl PLI frtt lUftE 



Photo Multi plI ep. 




Gg(D Commutator 
36 Segments 



I 




'Blue Tube6i&kjal 



SHIELP 

BAFFLE SHIM *l- 
BAFFLESHIM*2 - 




detail section 



- T5SD TUBE il&NAL 



FIG 14 



fOKV 



il 



50V 



2>i 



Courtesy of FMC Corporation 



(6) 



Exhibit 1. Sorter Operation 



ECL-17 
M.E. 114a.3 




Courtesy of FMC Corporation 



Exhibit 1. Sorter Operation 



ECL-17 
M.E. 114a-3 




Exhibit 1. Sorter Operation 



£CL-17 
M.E. 114a-3 




Exhibit 1. Sorter Operation 



M.S. 114a.3 




Courtesy of FMC Corporation 



(10) 



Exhibit 1. Sorter Operation 



ECL-17 
M.E. 114a-3 




Courtesy of FMC Corporation (11) 



Exhibit 1. Sorter Operation 



ECL-17 
M.S. 114a.3 




(12) 



Exhibit 1. Sorter Operation 



ECL-17 
M.E. 114a.3 




Exhibit 1. Sorter Operation 



ECL-X7 
M.E. 114a.3 




Courtesy of FMC Corporation 



(14) 



Exhibit 2* Memo 



DATE: 
FROM: 
TO: 
AT: 

SUBJECT: 



CANNING MACHINERY DIVISION 
FMC CORPORATION 
San Jose, California 



INTER-OFFICE MEMORANDUM 



September 23, 1963 
D. W. Chamber lit! 
S. H. Creed 
San Jose 



H.L. Link 
John Boyce 
Rte: R.G.Beverly 
R.E. Herald 
W.M.Myers 
Rte: T.E.Roberts 

B .M.Carney 
Rte: M.Steadman 
W.Keen 



ROTOSCAN, UNCLE BEN'S RICE, INC. 

(Ref. Letter Station to Herald, Aug. 30, 1963) 
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Rte: R.B.Leslie 

S .B.Tetreault 

H.W.Adams 

CEL 
GEL 



The accompanying log sheets indicate the problems encountered during last 
week's trip to Consolidated in Houston, Texas with Bill Carney and Bill 
Myers. The visit was very timely and well forecast by Bill Myers* 
previous discussion with the customer. 

Three of the four machines at this installation have been in operation 
for only about nine weeks and have given a great amount of mechanical 
trouble. The starter heater "kick-out** was attributed to some faulty 
heaters rather than high console temperatures. The '*hanging-on** of 
trigger tubes had mostly cleared up before FMC's arrival. This phase 
will be reported by Bill Carney. 

There has been a correlation of tube *'hang-on** and plate breaker 
assembly bearing failure. It was found that insufficient clearance was 
given between the flexible coupling halves, thereby preloading the 
bearings when the assembly was bolted in place. Two sets of bearings 
were replaced before this was found. It is asserted that this bearing 
failure loading caused random changes in timing of the plate current 
cycle with respect to the trigger tube banks in question due to the 
flexibility of the coupling causing tubes to **hang-on**. (This might 
not be observed on the oscilloscope with internal triggering.) 

A more important problem concerned the use of cam followers to guide the 
feed and discharge sections. These followers **f reeze-up** and cause wear 
and loud vibration. These have been, or will be, replaced by sealed 
roller bearings in all places where possible. Additional units must be 
made and sent to Consolidated. 

The problem of greatest concern is the spindle bearing failures evidenced. 
A total of six failures is recalled, experienced by FMC or the customer. 
It is believed the last failure observed was primarily due to assembly 
practice and parts handling and somewhat to parts design. Mechanical 
design and tolerances of future machines has been improved in these 
bearing areas, but it is strongly recommended that these high speed 
bearings not be handled by our general assembly department. 
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Sept. 23, 1963 



The oil mist lubrication has always been a problem in determining 
the oil flow necessary for the bearings without detrimental effect 
of excessive oil to the stator assembly. Some experimentation was 
made with an oil line to the upper bearing only, hoping to find a more 
efficient oil delivery system. 

Admittedly, much confusion existed in assembling the last machines due 
to lack of engineering assembly drawings, lists, and experience; how- 
ever, much drafting time has been spent in making organized sub-assembly 
breakdown, function improvement and ease of assembly and corrections 
of drawings. 

It is contended then that with more concentration available on assembly 
workmanship, the future machines can be made much more reliable with 
the improved design as it exists. However, further investigation into 
the spindle bearing failure will have to be made by analyzing failed 
bearings and submitting drawings to the bearing people for application 
approval. 



D, W, Chamberlin : jc 
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Exhibit 1. Bearing Analysis^ 
(Copies "to; 

INSPECTION a3 O _ . W 
MANUFACTURE A. Q^.^f^, 
SAUES EASTERN. 

CE NT RAU _ WE ST E RN 

MIDWEBT 
ENGINEERING 
DIR. OP INSPECTION 

UETTER. 
COMP, REP 




W DEPARTURL 
GcNEHAt. Motors Corporation 
SERVICE REPORT 



NO.... E-955.9 

8AMPL.E _ .1#73L,22XXA 

Rr CEIVED 

QUA NT I T Y_. _ J_ TAG 

REQUEST REC^D.._ 

INSP. ADVISED 

MI G ♦ ADVISHO^ 



OTMER_ 



„F/K.37763 



Food Machinery Corp,, Canning M achi nery Div, san Jose 

CwftTuMSfit Name anu Address ^Vkd by^W. C .wT 

W. C. Willey 

" ^ReTSFsCN^. IVe" ■ "E-^-SRENCE R,.S.V-5A423 



ZONE 



SUBJECT OF INVESTIGATION 

This bearing is from a Roto Scan machine which has been i- g <^prv1r..? a fev; months 
in customer's plant. -It is the same application as bearing reported under SR 
E-9481 where operation was in lab only. Customer's drawing No. 7380-691593 
attached to F/R, ^ . ^ . 

_ 

Bearing has not failed but exhibits several detrimental operating conditions viz: 

1. Radial preloading 

2. Light 3 point housing out-of -roundness 

3. Marginal lubrication 

ANALYSIS : Bearing was slightly harsh sounding even after thorough cleaning. End- 
play measured ,010, The race load trc^cks e^rn centrally located and run entirely 
around the outer race. Since no- ring . turn i n?- is visible this condition indicates; 
radial preloading- Normally we would expect tT>>sJ:racks to be off center to some 
degree in view of the 150 lb weight of the rr]->i >^ /o^f ^'^M, \i ciciv^<.i\ 

In addition, track in outer race widens nocicoably at three points approximately 
120*^ apart. Check of ring CD, and ball race failed to show any 3 point condition 
lience it appears likely that the housing was responsible. 

The load tracks when examined under low magnification, have, the distressed appeai'- 
ance usually associated with mareinal Ivibrication. This could be from breakdown 
of the lubricating films between balls and races due either ''to (1) an insuf f jcient 
amount of the oi_l actually reaching the load carrying surfaces, (2) too heavy a 
load for the film to resist, or (3) inadequacy of _the lubricant itself under the 
conditions present. ^ ~ fvux^/'Tl 1^4^ ft^dc^Jf^f^U^^ 

3a Us _are ..Load- baad<id;.^d_ iXi^id e d isxiolx^red 

RECOMMENDATION 

Suggest lubrication system be reviev/ed. Check particularly whether the oil air 
raist is being deflected to any extent by the locknut shown in dwg. 7380. Also^ if 
shield on the opposite side is effectively blocking free circularion of the ni 
.iSt around the balls*! — 4^Quld it be possible to bring 
the mist in above the bear ing?~V op, if*^^,*^. 5kiU<L ^^^h^^ 



Date. or Repuy 



Investigated by_ 
Approved by , 



^Fi/mL. 



(2) 



Exhibit 7. Bearing Analysis X^^^" ' *'^^^^^ E-94ol 



INSPECTION A.3o... w._ £ W DEPARTU F?^ E XE^Vl.I \y 

MANUFACTURE A. 0_ W OCT 23 ^9^3^^^ ^ ^ 10/9/63 

SAL.E9 EASTERN__ _ D I V < 6| «N G C NE WAU MoT CW S CoKf>OR A HI oS-pW DE? ARTU R£ |^ ^ ff 

o REDWOOD CJTY /^^: - , 

centrau_we:stern J \Ok y^''>:>uEST rec^ a XU/^/oJ 




MIDWEST. SERVICE REPORT X^-o^r-T-r-r-rvv-.vrNsp. ADVJ SFO . 

ENGINEERING 2 _ v, , g . ADVISFTJ. 

DIR. OF iNSPECTioN_l Food Ma cH Incr y C pr p . , Cc-nning Div , San Jqsc^ „CfLl . 

Cm^jtump^iy' n Name anu Auor-rEss w»:quj stf. d by ^ 

uerreR . Conrad 

COMP. Rep •T?e^R^sVNV-i-. ,VE ■ ^ "^FewLNcr r.|_^5089 

T? t> 17718 San Francisco /JiXjMA^<^ 

OTHER F.R 37718 ^ 



SUBJECT OF INVESTIGATION 
Bearing is used in "Roto Scan'* machine which inspects via optics for defective 
grain or dehydrated veget^Tibles.. It is the upper scan spindle bearing. Speed 
3600 rpm in vertical position, spindle weights 150 lbs. Lower bearir.(^ is SKF 
roller. Oil mist lubrication using shell Tellus #27. Complaint is that 
73L22 becomes noisy and has to be replaced • / 



CONCLUSION 

In our opihion the #73L22 is being radially preloaded to the extent that lub- 
rication becomes marginal. 

ANALYSIS 

Bearing was noisy and rough on sound tesi: here. Endplay measured .0085 (X) 
specification, 

Dis?Sf!embly showed components to be unf:*.i.led. Kpwc^'er^ the load tracks appear 
unusU'-illy v/ide and discolored fro:r: localized r^eat (marginal lubrication 
possible). The tracks are centrally loca ted (no thrust) and in the ouier 
race the width is very nearly uniform, with no evidence of this ring turning 
in the housing, radial preloading, is indicated. 

Balls have heavy discolored load bonds, again indicacive of preload. No 
significant mislaignment could be detected. 



R ECO MMENO AT ION 

Suggest housing and shaft fits be checked. It may be necessary to go to 
a looser fit up to insure that bearing will not be dangerously preloadec . 



Courtesy of New Departure • 



Date of Reply 

Investigated qy^ 
Approvecj uy 



10/18/63 
'PFR _ 
■ WRVmi 
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Exhibit 7* Bearing Analysis 



Food .Machinery Corporation 
San Jose, California 

Service Report E-9559 

A review of their drawings showa:;radial prer. loading; unlikely 
)L if shaft and housing figur es are maintained. Suggest units 

"in which this bearing ana that of SR E-9431 operated hf checked 
for conformity to pjrint dimension s ♦ In this connection, also 
check for 3 point condi tion as^t relates to latest bearing 
returned, ""^"^ ^ 



ECL-17 
ME 114a-3 



Exhibit 8, Spindle Sub-assembly Parts Costs: 

Note: The production cost for the parts listed below include 

Labor, Burden (Overhead), and Material charges as in the 
example: 



Spindle Adapter - No, 688065 



Labor. ^» • 11.70 
Burden, 20.25 
Material 6,99 



Total • . « .$ 38*94 



Part Description 



• Part No, 



Pr od uc t ion Cost 



Spindle Adapter 
Spind le 



688065 



$ 38,94 



688062 



315.00 



Dust Cover 



688068 



55.47 



Courtesy of FMC Corporation 
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Exhibit 8. Spindle Sub-assembly Parts Costs: 

Note: The production cost for the parts listed below include 

Labor, Burden (Overhead), and Material charges as in the 
example : 



Spindle Adapter - No. 688065 



Labor $ 11.70 

Burden 20.25 

Material .... 6.99 



Total . . , .$ 38.94 



Part Description Part No. Production Cost 

Spindle Adapter 688065 $ 38.94 

Spindle 688062 315.00 

Dust Cover 688068 55.47 



Courtesy of FMC Corporation 
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FMC CORPORATION (D) 



Rice Sorter Redesign 



(c) By the Board of Trustees of Leland Stanford Junior University, 
Prepared in the Design Division of the Mechanical Engineering Department 
by J, Kendall Williams under the direction of Karl H. Vesper. The 
assistance of Dr. T. E. Roberts and Art Slemmpns of the Central Engineering 
Laboratories, and John Boyce, S. H. Creed, and Don Chamber lin of the Canning 
Machinery Division is gratefully acknowledged. Financial support for this 
study was provided by the National Science Foundation. 
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Don Chamberlin's first step to eliminate the bearing failures was 
to check dimensions and tolerances of the spindle and spindle housing 
upper bearing fit. He found as he expected that the fit was exactly one 
recommended in the New Departure Catalogue for the 73L00 Series light- 
weight bearings. In the process of thoroughly reviewing tolerances^ Don 
specified that the bearing lands should be parallel within 0.005 T.I.R. 
in 12 itfiches. This change is described in greater detail in Exhibit 2, 
page 2. 

Don made several deSign changes -to. setter parts. .worki|ig direct Jy . on 
the main assembly drawing. He had spent several days thinking about the 
changes and made rough sketches at home. He said, "Anyone who wants to 
quit at 5:00 should forget about engineering. Sometimes I'll wake up 
in the middle of the night with a solution to a problem." The first 
change concerned the lubrication system. The New Departure bearing ant^'ir r:. 
alysis had mentioned faulty lubrication as one possible cause of the 
bearing failures, Don commented that the mist fitting adjacent to the 
bearings was not one recommetfided in the Alemite Oil Mister catalogue, 
Don decided to use short Alemite fittings and direct the oil mist at the 
space between the inner and outer race of the ball bearings. 

Don's next step was to change the spindle and spindle«adapter to 
a single piece design in order to insure better alignment of the upper 
bearing. The new spindle was made of two rough machined parts which 
were welded together and f Iniah .lluichitojfed :in:.the' CMD machini^: shop. .DoXi : 
commented, "The original drawing didn't even include a note on the finish 
of the surface mated to the adapter. A decision on the finish should not 
be left up to the machinist." The new spindle design is described in 
greater detail in Exhibit'?, page:.l. 

Don made four design changes to help eliminate rice dust from the 
upper bearing. First, the original dust deflector assembly was changed 
from two pieces to one piece.. Second, a small lip was provided on the 
one piece spindle above the new dust deflector. Next, a second "dust 
deflector that completely shielded an area between the flange on the 
spindle and the spindle housing was added. The new design resulted in 
an extensive labyrinth dust seal. These changes are indicated in Exhibit 1. 
Details of the new parts are included in Exhibit 2, pages 3 and 4. 

Don estimated that the new parts designs for the bearing area re- 
sulted in a $22.28 increase over the previous design. Production costs 
for the redesigned parts are given in Exhibit 3. "Considering the main- 
tenance, down-time, and saleability, however," Don said, "I think that 
this expense is more than justified ♦ We have one machine installed at 
Modesto, California, with these changes, and after three months of oper- 
ation^ there have been no failures in the bearings." 

Don also redesigned the housing and commutator mounting parts in 
order to simplify assembly and timing procedures. He added an extension 
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to the housing to take the place of the original commutator spacer. The 
commutator stator body was still secured to the housing by long machine 
screws which passed through the elongated holes in the stator body. He 
designed a new concentricity ring for the commutator. Each new ring was 
machined and matched to a commutator body, and the two parts were kept 
together through final assembly of the sorter. The ring was machined to 
a close running fit to the stator body. During the assembly, the drive 
belt was installed and the stator and ring assembly was positioned relative 
to the rotor vich a feeler gage and then bolted to the housing lip. Next, 
the ring and housing drilled and. dowel pinjaed^' ^Don then teplained :'that 
when the commutator cap screws were loosened to time, the machine, the 
stator needles would remain concentric to the totor pointer within the 
concentricity tolerance between the stator body outer diameter and the 
stator needles. Don put the assembly procedure on the general assembly 
drawing which was used by the assembly crew to insure proper installation 
of all parts. The design changes and a.ssembly notes, appear in Exhibit 1. 

In approaching the redesign, Don made a proposal of work to be 
accomplished on the sorter design, which he submitted to his supervisor, 
the Assistant Chief Engineer, prior to initiating any changes. Don said, 
"I think that it is the engineer's responsibility to think things out as 
completely as possible before asking for his management's time." In 
addition to this proposal, Don was responsible for estimating the total 
and monthly project costs for his work. Typical proposals and cost esti- 
mates are included in Exhibit 3, pages 1 and 2. 

Don said that a continuous record of all design changes was kept 
on file ia Canning Machinery's Reproduction Office. Whenever Don made 
a change on a drawing, he notified a "parts lister" of the modification 
by use of an Engineering Change Notice Sheet on which he recorded the 
changes directly from a drawing and noted the reason and nature of the 
change. A new or modified parts list was made up from the change sheets. 
Assembly and subassembly parts lists were kept on each sorter. Whenever 
a request for a replacement part was received at the sales office from a 
customer, a production engineer could refer to the parts lists for the 
customer's machine and locate the drawing for each part ordered. Typical 
examples of drawing modifications and a corresponding materials.. List': 
are described in greater detail in Exhibit 4. 



Exhibit 1. Revised Sorter Assembly 
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Courtesy of FMC Corporation 



Exhibit 2. Revised Detail Drawings 



ECL-17 
M.E. 114a-3 




1 

Courtesy of EMC Corporation 



Exhibit 2. Revised Detail Drawings 
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Courtesy of fMC Corporation 
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Exhibit 2. Revised Detail Drawings 
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Exhibit 2. Revised Detail Drawings 
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Exhibit 2. Revised Detail Drawings 
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Exhibit 3. Production Costs for Redesigned Spindle Sub-Assembly Parts. 



Note: The production costs for the following parts include 
charges for Labor, Burden, and MaLeriaJ • 



Part Description Part No. Produc t ion Cost 

Spindle 691591 $ 384.00 

Dust Cover 688068 28.29 

Dust Shield 691990 68.00 



DETAILED PROJECT PLAN - 1964 



62S91 



ROTOSCAN IMPROVEMENTS AND EXPLOITATIONS 



1) New product machine modification and testing in- 
cluding bean products. Rework of Riverbrand 

feed eone. $2,500.00 

2) Necessary field work to solve possible feed pro- 
blems with dehydrated apple machine and minor 

field machine improvements. 1,000.00 

3) Design of commutator dust housing, mirror carriers 

and other machine improvement. 1,000.00 

4) Electronic modification for functional improve- 
ment including an electronic plate current breaker 

system. 2,500.00 

5) New drawings of above, corrections and improve- 
ment changes. 500.00 



$7,500.00 
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date; 

May I a /"^^^ 



ENGINEERING (ORIGINAL) 
PLANNING (OZALIO COPY) 
PATTERN SHOP (OZALID COPY) 
COST OEPT. tOZALIO COPY) 
OTHER 



Shj I 3 



DRAWING NUMBER 


PIECE NAME: 


PART NUMBER 








SUPERSEDED BY 




SUPERSEDED BY 




MACHINE NAME: 











CHG.NO, 

iz: 



DESCRIPTION OF CHANGE 



I (piH) 








1 s : 




/5 : 




1 s : 




i 5 : 




5*, <P 


.2 ; 2 



J 



2. 



9 



^8 



^73 



7- / 0 5 



BA^* V^oye c^/Ajs : 
^/4CM ycAtJS * 



1 

.2 §"<::> 



ihJchhBS 



CHECK-OFF LIST OF THINGS TO BE COHSIDERED I DONE BY ENGINEER MAKING CHANGE 

REO- NOT REQ> 

CHANGE ASSEMBLY DRAWINGS -NOS. ^ 

CHANGE MATERI AL LISTS -NOS. — 



CONSIOER 

IS CHANGE ESSENTIAL 
J EFFECT ON INVENTORY 

EFFECT ON P ATTERN SiTOOLING 
EFFECTON ASSEMBLY 
EFFECT ON SERVICE 



AOVISE PRICING OEPT. - CHECK SQUARE ABOVE IF REQ* 0 
PLACE NOTE IN STANOING OIRECTIVES BOOK FOR FUTURE OROERS 



OBTAIN FROM PLANNING OEPT. 
OTV. ON H AN 0- ROUGH STOCK, 



QTY, ON HANO-FIN, STOCK. 



QTY. ON ORDER. 



CHANGE REQUESTED BY: 

Q PRODUCTION B^^'** 



EERING 



PI OTHER . 



NATURE OF CHANGE 

"»^KoiMENSION 
PATTERN 
PURCHASE PART 
OTHER 



REASON FOR CHANGE 

CORRECTION OF ERROR 
CLARIFICATION 
REDUCE MANUFACTURING COST 
TO IMPROVE FUNCTION 
OTHER 



EFFECT ON STOCK ON H AN 0 
-^NE IN STOCK 
USE OUT 
REWORK 
SCRAP 

REWORK AT ASSEMBLY 
OBS, REPLACEMENT PART ONLY 
OTH ER- EXPLAIN _____ 



LEASED MACHINERY PARTS 
IN SHOP IN FIELD 



USE OUT 

REWORK 

SCRAP 

OTHER-EXPL 



USE OUT 

REWORK 

SCRAP 

OTHER- EXPLAIN 



MAKE CHANGE ON 
S0« 



AUTH.#- 



FUTURE PARTS 
PARTS IN PROCESS 
NONE IN STOCK, SHOP ADVISED 
i ALREADY CHANGING PARTS 
IN PROCESS 



FORM CMO 08 
IREV. H/62) 



CHANGED BYS ^ 
-625 



APPROVED BY 




DATE 

ACTION 
ON STOCK. 

F.O 



ORDER CHANGED. 
P.N. CHANGE^ 



OP SHEET CHANGED. 
REMARKS 



BY. 
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date: 

May ^^^^ 



ENGINEERING (ORIGINAL) 
PLANNING (02ALID COPY) 
PATTERN SHOP (02ALI0 COPY) 
COST DEPT. (OZALIO COPY) 
OTHER 



DRAWING NUMBER 


PIECE NAME: 


PART NUMBER 




^aA KJ tJi N/^ //bap 




SUPERSEDED BY 


SUPERSEDED BY 




MACHINE NAME: 











CH6.N0. 



DESCRIPTION OF CHANGE 



9 
















f 



CONSiOEft 



CHECK-OFF LIST OF THINGS TO BE CONSIDERED I DONE BY ENGINEER MAKING CHANGE 

REp- NOT REO' 

n CHANGE ASSEMBLY ORAWINGS -NOS. 

J CHANGE MATERIAL LISTS -NOS. — 

; ADVISE PRICING DEPT. - CHECK SQUARE ABOVE IF REQ* 0 
n PLACE NOTE IN STAN0IN6 OIRECTlVES BOOK FOR FUTURE ORDERS 



I S CHANGE ESSENTI AL 
EFFECT ON INVENTORY 
EFFECT ON P ATT ERN SiTOOL I N G 
EFFECT ON ASSEMBLY 
EFFECT ON SERVICE 



OBTAIN FROM PLANNING DEPT. 
OTY. ON HAND-ROUGH STOCK. 

bHANGE REQUESTED BY: 



QTY. ON HAND-FIN. STOCK , 



ON ORDER. 



Q PRODUCTION 



ENGINEERING 



nature of change 
'material 
''dimension 

PATTERN 
PURCHASE PART 
OTHER 



EFFECT ON STOCK ON HAND 
"none in STOCK 
USE OUT 
REWORK 
SCRAP 

REWORK AT ASSEMBLY 
OBS. REPLACEMENT PART ONLY 
OTHER- EXPLAIN 



jn OTHER . 



REASON FOR CHANGE 

CORRECTION OF ERROR 
CLARI Fl CATION 
REDUCe MANUFACTURING COST 
TO IMPROVE FUNCTION 
DTHER 



LEASED MACHINERY PARTS 

IN SHOP IN FIELD 



USE DUT 

REWORK 

SCRAP 

OTHER- EXP L 



"IJSE OUT 
REWORK 
SCRAP 

OTHER-EXPLAIN 



MAKE CHANGE ON 
S0# 



AUTH,#- 



FUTURE PARTS 
PARTS IN PROCESS 
_J NDNE IN STOCK, SHOP AOVI SEO 
& ALREAOY CHANGING PARTS 
IN PROCESS 



CHANGED BY: 



APPROVED by: 



FORM CMD 08-625 



(2) 




DATE 

ACTION 
ON STOCK. 

F.O. 



ORDER CHANGED. 
P.N. CHANGE _ 



OP SHEET CHANGED. 
REMARKS 



BY. 
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DATE: 



engineering (original) 
planning (ozalt 0 copy) 
Pattern shop (ozalio copy) 
_j cost dept. (ozalio copy) 

OTH ER 



5t^T. ^ OF 3 



DRAWING NUMBER 


PIECE NAME: 


PART NUMBER 








SUPERSEDED BY 


SUPERSEDED BY 




MACHINE NAME: 











CHG. NO. 



DESCRIPTION OF CHANGE 



CHECK-OFF LIST OF THINGS TO BE CONSIDERED I DONE BY ENGINEER MAKING CHANGE 

CONSIOER REO. NOT REQ- 

□ Q CHANGE ASSEMBLY 0RAWIN6S -N05. y ^ ^ a <S 

n CHANGE MATERIAL LISTS -NOS 6 C^C?</^ . ^ , 



I S CHANGE ESSENTI AL 
EFFECT ON INVENTORY 
EFFECT ON P ATT ERN S4 TOO LI N6 
EFFECT ON ASSEMBLY 
EFFECT ON SERVICE 



! AOVISE PRICING OEPT. - CHECK SQUARE ABOVE IF REQ* 0 
J PLACE NOTE IN STANOING DIRECTIVES BOOK FOR FUTURE OROERS 



OBTAIN FROM PLANNING DEPT. 
OTY. ON HAN0-R0U6H STOCK, 

CHANGE REQUESTED BY 



OTY- ON HAND-FIN, STOCK. 



OTY. ON ORDER, 



Q PRODUCTION 



g^NGi 



NEERING 



□ OTHER. 



NATURl OF CHANGE 

'material 
dimension 

PATT-CRN 
PURCHASE PART 
OTHER 



REASON FOR CHANGE 

CORRECTION OF ERROR 
CLARIFICATION 
REDUCE MANUFACTURING COST 
*+nrO IMPROVE FUNCTION 

OTHER 



effect on stock on hand 
"none in stock 

USE OUT 
REWORK 
SCRAP 

REWORK AT ASSEMBLY 
DBS. REPLACEMENT PART ONLY 
OTHER-EXPLAIN ____ 



LEASEO MACHINERY PARTS 
N SHOP IN FIELD 



USE OUT 

REWORK 

SCRAP 

OTHER- EXP L 



USE OUT 

REWORK 

SCRAP 

OTHER-EXPLAIN 



MAKE Change on 
so« 



AUTH.f. 



FUTURE PARTS 
PARTS IN PROCESS 
NONE IN STOCK, SHOP ADVISED 
t ALREADY CHANGING PARTS 
IN PROCESS 



CHANGED by: 



FORM CMO 08-625 
(REV. 4/62J 



(3) 




DATE 

ACTION 
ON STOCK. 

F.O. 



ORDER CHANGED. 
P.N. CHANGE _ 



OP SHEET CHANGED. 
REMARKS 



BY. 
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